from those of the latter authors in several details. SIDDAL et al. (1998) suggested that the data used by MCHUGH (1997) were insufficient to decide the position of Echiura and Pogonophora, and thus inadequate as a basis to reclassify the Annelida. This criticism has been vigorously rebutted by MCHUGH (1999) . KOJIMA (1998) used molecular data to position the Clitellata among the polychaetes. Once again, the molecular results were totally incongruent with those obtained from morphology by .
GIANGRANDE & GAMBI (1998) developed a hypothesis for the origin of the Polychaeta that is similar to that of HATSCHEK (1878, 1893) . They considered both the presences of a standard trochophore larva and the post-larval development in the archiannelid Polygordius Schneider, 1868 as possible indications of primitiveness. Consequently, they interpreted the polychaete ancestor as being interstitial and polygordiid-like, from which all the remaining polychaetes would have been derived. ROUSE & FAUCHALD (1998) revised the heuristic value of their previous cladistic results (ROUSE & FAUCHALD 1995 . They concluded that the alternative proposals of WESTHEIDE (1997) , MCHUGH (1997) , PURSCHKE (1997) , and GIANGRANDE & GAMBI (1998) required an additional set of aprioristic assertions that exceeded the present knowledge available for the Polychaeta and Annelida. These conclusions have been reaffirmed in the synthesis of WESTHEIDE et al. (1999) .
Although ROUSE & FAUCHALD (1998) and ROUSE (in WESTHEIDE et al. 1999) persist in defending the monophyly of the Polychaeta, new contrary evidence was presented by HESSLING & WESTHEIDE (1999) . These authors argued that the development of the supraoesophageal ganglion of Enchytraeus crypticus Westheide & Graefe, 1992 clearly demonstrated that the Clitellata were derived from a polychaetoid pattern and did not represent a primitive condition as predicted by the cladistic hypothesis of ROUSE & FAUCHALD (1995 . PURSCHKE (1999) investigated several further adaptive apomorphies occurring in the specialized terrestrial polychaetes (Hrabeiella periglandulata, Parergodrilus heideri and Stygocapitella subterranea). These adaptive traits included the simplification or loss of prostomial appendages, parapodia, and nuchal organs. Further similarities between the terrestrial polychaetes and the clitellates were encountered in the supraoesophageal ganglion, development patterns, and reproductive strategies. BROWN et al. (1999) provide new molecular data from histone H3, U2 snRNA, and 28S rDNA in support of the inclusion of Echiura, Pogonophora, and Clitellata within the Polychaeta. As with MCHUGH (1997) and KOJIMA (1998) , several of their proposed clades are incongruent with those suggested by .
A phylogenetic revision of the errant polychaetes led ALMEIDA & CHRISTOFFERSEN (2000) to argue once more for the paraphyly of the Polychaeta. MANTON (1967) produced the main tentative arguments against considering the parapodia of polychaetes homologous to the lobopodia and arthropodia of the Onychophora Guilding, 1826 and Arthropoda Siebold, 1848, respectively. ALMEIDA & CHRISTOFFERSEN (2000) argumented that the musculature of Aphrodita Linnaeus, 1758 is already quite advanced for walking on the substrate and thus pinpointed Aphrodita as the most likely sister group of Arthropoda and related groups. This enhances the problem of the paraphyly of the Polychaeta by requiring the interpretation that the Ecdysozoa Aguinaldo, Turbeville, Linford, Rivera, lecidae Uljanin, 1878, and Uncispionidae Green, 1982 . These groups are assumed to be highly derived, yet closely related to the taxa included in the analyses, but their exact positions are beyond the purpose of this paper. Another taxon not included in these analyses was the Echiura. Similarly to the above taxa, they may be highly modified polychaetes. The resolution of their phylogenetic position demands analyses at much lower levels of generality than has been possible to deal with herein.
Chrysopetalidae Ehlers, 1864 and Hesionidae Grube, 1850 were also excluded from our analyses because the monophyly of the first taxon is uncertain (ALMEIDA & CHRISTOFFERSEN 2000) , considering that the analyses of PLEIJEL & DAHLGREN (1998) is still insufficient to resolve the position of the Chrysopetalidae.
Finally, Sphaerodoridae Malmgren, 1867 and Lumbrineridae Schmarda, 1861 were not mentioned in this paper, because there is a possibility that these taxa represent internal groups of Syllidae Grube, 1850 and Eunicidae Berthold, 1827 , respectively (ALMEIDA & CHRISTOFFERSEN 2000 .
The cladistic analyses were based on Hennigian principles (HENNIG 1966; WILEY 1981; WÄGELE 1994 WÄGELE , 1995 WÄGELE , 1996a WÄGELE , b, 1999 AMORIM 2002) . For phylogenetic reconstructions we used the program Hennig86 version 1.5 (FARRIS 1989) . The commands "ie*" was used in order to obtain all parsimonious trees. When the number of trees obtained was larger than 100, "x sw" was used for successive weighting. The most parsimonious trees obtained from the best characters, as indicated by their "ri", and "ne", where then used to construct strict consensus trees. As a screen interface to construct the data matrix and to better visualize the resultant trees in Windows, the program TreeGardener v. 2.2 was used (RAMOS 1996) .
To polarize characters the method of comparison with multiple outgroups was used (NIXON & CARPENTER 1993; CHRISTOF-FERSEN & ARAÚJO-DE-ALMEIDA 1994; MOURA & CHRISTOFFERSEN 1996; AMORIM 2002; VON STERNBERG 1997) . Flatworms, nemerteans, molluscs and sipunculids were selected as outgroups.
One of the most difficult tasks in an analysis is to obtain a matrix with good characters (AMORIM 2002) . This means making correct hypotheses of primary homology, establishing adequate subdivisions between different character states, deciding upon an appropriate order for these states, verifying their occurrences in different terminal taxa, and inferring their presence in stem-lineages. In short, it does not seem very sensible to perform numerical analysis of provisional matrices (WÄGELE 1994 (WÄGELE , 1996a (WÄGELE , 1999 MIKKELSEN 1998) . To avoid these problems, characters were grouped into general systems, Revista Brasileira de Zoologia 20 (1): 23-57, março 2003 ordered so as to form biologically interdependent transformation series of character states whenever possible. For example, it has been recognized that, in a single transformation series of primary homology, larvae are originally trochophorelike, then become gradually tornaria-like, and finally become lost in several specialized lineages when development has become direct. This procedure is very different from simply coding different larval types as typologically distinct characters (which results in different tree topologies). To minimize cases of "pseudoplesiomorphy" (WILEY 1981) , two alternative coding strategies were adopted. In the "negative series", following the criteria of MIKKELSEN (1998) and PURSCHKE et al. (2000) , absences for which there are clear evidences of secondary reductions were considered as further valid character states. Cases in which it can be shown that there is structure reduction (because of marks, sutures, or whatever positive evidences) cannot be coded as absences (coded as zeros). In the "positive series", characters have not been coded as losses. Both coding strategies have been analyzed as non-ordered and as ordered transformations. The results of the four independent analyses were then compared.
Despite this particular treatment of special characters, the use of explicit subjectivity as methodologically adequate is not advocated. Being objective does not mean closing ones eyes for subtle evidences of secondary reductions (see PURSCHKE et al. 2000) . Such oversights frequently result in the misplacement of apical taxa to basal positions. Problems of primary homology, ordering, and coding may nevertheless still affect the interpretation of some characters. Such errors are intensified by the fact that comprehension of the evolution of some structures, such as nephridia and larvae (see BARTOLOMAEUS & AX 1992; ROUSE 1999) , among many others, must still be considered fragmentary. Evolutionary changes in the biology of many groups may dramatically affect them in parallel ways. For example, colonization of terrestrial environments has occurred in some specialized polychaetes, such as Hrabeiella periglandulata, and the clitellates (PURSCHKE 1999; HESSLING & WESTHEIDE 1999; PURSCHKE et al. 2000) .
Several noisy characters, still cursorily described in the literature or of uncertain phylogenetic content (e.g., number of eyes, number of segments, length of animal, ultrastructural features of sperm, etc.) were not utilized in the analyses in order to preserve the stronger phylogenetic signal provided by the more congruent data. This certainly affects the overall result, since it impoverishes a matrix that desperately needs more reliable data.
RESULTS
During the analyses, closely related family-level taxa (of uncertain monophyletic status) were grouped into larger terminal groups: Sigalionoidea (including Pholoidae Kinberg, 1858, and Sigalionidae Malmgren, 1867), Polynoidea (including Acoetidae Kinberg, 1856 , Eulepethidae Chamberlin, 1919 , Polynoidae Malmgren, 1867 , and part of the Aphroditidae Malmgren, 1867), Spionida (including Apistobranchidae Mesnil & Caullery, 1898 , Chaetopteridae Audouin & Milne Edwards, 1833 , Longosomatidae Hartman, 1944 , Magelonidae Cunningham & Ramage, 1888 , Poecilochaetidae Hannerz, 1956 , Spionidae Grube, 1850 , and Trochochaetidae Pettibone, 1963 , Terebellida (including Acrocirridae Banse, 1969 , Alvinellidae Desbruyères & Laubier, 1986 , Ampharetidae Malmgren, 1866 , Cirratulidae Carus, 1863 , Flabelligeridae Saint-Joseph, 1894 , Pectinaridae Quatrefages, 1866 , Terebellidae Malmgren, 1867 , and Trichobranchidae Malmgren, 1866 , Sabellida (including Sabellariidae Johnston, 1865 , Sabellidae Malmgren, 1867 , Serpulidae Johnston, 1865 , and part of the Owenidae Rioja, 1917) and Paraonida (including Cossuridae Day, 1963 , Orbiniidae Hartman, 1942 , Paraonidae Cerruti, 1909 , and Scalibregmatidae Malmgren, 1867 . Although these groupings do not always represent the most widely accepted taxa in polychaete taxonomy, these groups were chosen in order to reduce to a minimum the potential influence of paraphyletic taxa in the analyses. Nevertheless, Sigalionoidea, Polynoidea, Spionida, and Paraonida remain paraphyletic. The ingroup resolution of these terminals is not the scope of this work, which aims to provide a general framework for the higher levels of generality of the metameric metazoans.
The 60 characters used in our analyses are presented in tables I-III. A total of 34 of these characters were marked as uncertain ("?") for Ecdysozoa. This coding is a result of the use of the fossil Cambrian lobopodians as the basal group of Ecdysozoa. This choice strongly influences the positioning of the Ecdysozoa in our analyses. Nevertheless, this position was maintained, because any other form of coding the characters (for example, as primary absences or secondary losses) would also significantly affect the results of the analyses, either by excluding the Ecdysozoa from the polychaetes, or by attracting them to more specialized branches such as the Clitellata. The evolutionary transitions necessary for either of these two latter hypotheses could only have occurred by way of the fossil lobopodians. The Recent onychophorans are morphologically too distant from the Cambrian fossils, and their adaptations for the terrestrial environment may significantly obscure their ancestral morphology and anatomy. By opting for a middlegroud-solution it is hoped that the large number of question marks will serve to instigate future research, which may corroborate or refute the results.
The positive series were analyzed as ordered, two trees being obtained (length 129, ci 0.65, and ri 0.88), the consensus of which is presented in figure 1a . The unordered analysis of the proposed transformation series resulted in 1575 trees (length 114, ci 0.73, and ri 0.90). The successive weighting option was used and the number of trees obtained was reduced to 310 (length 784, ci 0.88, and ri 0.96), the consensus of which is presented in figure 1b .
The ordered negative series resulted in three parsimonious trees (length 128, ci 0.78, and ri 0.94) (Fig. 2a) . The unordered negative series resulted in 330 parsimonious trees (length 121, ci 0.83, and ri 0.93), which were reduced to 120 trees (length 946, ci 0.91, ri 0.97) by successive weighting (Fig. 2a) .
The main differences among these analyses are that the positive series resulted in more parsimonious cladograms, while the negative and ordered analyses produced the most resolved topologies.
Much more significantly than the differences, however, is that all four analyses are congruent in indicating that the Polychaeta become monophyletic only when Ecdysozoa, Clitellata, and Enterocoela are included among the remaining taxa of metameric worms. The clades Aphrodita + Ecdysozoa (Holopodia, tax. nov.), Questidae + Clitellata (Apoclitellata, tax. nov.), and Owenia + Enterocoela (Neotrochozoa, tax. nov.) are maintained throughout our analyses. 
DISCUSSION

About hypotheses of homologies and phylogenetic relationships
The following discussion presents hypotheses of primary homology based on the totality of the results. As in any cladistic analysis, it is evident that hypotheses of primary homology influence the results. However, all hypotheses of relationships presented below were a product of the cladograms. The two most polemical results refer to the positions of the Ecdysozoa and of the Enterocoela among the polychaetes. These ideas have received a high degree of a priori rejection and have generated strong opposition among many researchers.
Much empirical support for the inclusion of Ecdysozoa and Enterocola among the polychaetes is presented below (synapomorphies #23(2), #24(2), #35, #44(2), #52, #59, #60; Tab. I). Independent empirical data derived from Hox genes represent the most surprising discovery of recent molecular studies. Much of the genetic machinary that patterns the appendages of polychaetes, arthropods, and vertebrates is homologous (SHUBIN et al. 1997; PANGANIBAN et al. 1997) . Furthermore, it has been amply demonstrated that the homologous Hox genes are responsible for the definition of the dorso-ventral and anterior-posterior body axes, and for segmentation in polychaetes, arthropods and vertebrates (MCGINNIS et al. 1984; LAWRENCE 1990; FRANÇOIS & BIER 1995; HOLLEY et al. 1995; JONES & SMITH 1995; HOLLAND et al. 1997) . New developmental data on Hox genes further indicates not only that deuterostomes derive from a protostome ancestor, but also that a polarity inversion of both body axes has occurred in this process (NÜBLER-JUNG & ARENDT 1994; ARENDT & NÜBLER-JUNG 1994 .
Consequently, the hypotheses presented below reinforce the idea that some scale worms have become armored and that, in the case of Aphrodita, their parapodia have developed functionally and anatomically to a condition approaching the lobopodia. On the other hand, there are other polychaetes such as Owenia that "mysteriously" present deuterostome conditions in their larvae and during embryonic development.
Must all these coincidences be explained away as the result of developmental constraints (see SOMMER 1999)? Even admitting the possibility of a positive response to this question, Aphrodita, Questidae and Owenia still serve as models for understanding how Ecdysozoa, Clitellata and Enterocoela may realistically have evolved from segmented vermiform ancestors. Under this perspective it is no longer necessary to create "imaginary ancestors", such as the hemocoelomate worms of VALENTINE (1989) , ERWIN et al. (1997 ), and FRYER (1996 , or even non-existent structures such as the antenniform appendage of PANGANIBAN et al. (1997) .
Characters
Mollusk-like cleavage
Mollusca and Sipuncula share a peculiar pattern of cleavage, in which the cross-shaped center of the apical end of the embryo is formed by blastomeres 1a 12 -1d 12 (see SCHELTEMA 1993) (Tab. 1, #1). ROUSE & FAUCHALD (1995) also used this character, but SALVINI-PLAWEN (1988) strongly objected to the validity of this supposed synapomorphy of Mollusca+ Sipuncula. There is uncertainty about the validity of this character and of the validity of the clade Mollusca+Sipuncula, but the character was included in the analyses to provide some data for the resolution of the multiple outgroups. An equally parsimonious interpretation for this character would be to consider the shared condition of Mollusca + Sipuncula symplesiomorphic in relation to a modified cross in the Annelida.
Homologies related to coeloms and metameres WÄGELE et al. (1999) note that the reduction of the annelid-like hydrostatic coelom is possible in Arthropoda because when segmental appendages develop into effective legs the hydraulic pressure needed for peristaltic movements become superfluous (this reasoning is also valid for noneuarthropods such as Onychophora). Actually, as ALMEIDA & CHRISTOFFERSEN (2000) have shown, the coelom condition of Aphroditidae (with reduced peritomium septae) is intermediary between that of typical errant polychaetes and that of onychophorans, as is also the case of the locomotory system.
Coelom development in Metameria (Tab. I, #2) is closely linked to a gradual production of metameres (compartmented segments are associated with a ganglioned nervous system (Tab. I, #3). The aschelminths also present evidences of metamerism, particularly in some clades (e.g., ganglioned nervous system of the Rotifera and Kinoryncha) (see ALMEIDA & CHRISTOFFERSEN 2000: fig. 2, tab. 2) . The recognition of these metameres has been underscored in the literature due to an emphasis on the so-called "typical" (usually parasitic) representatives of each group. In the highly modified forms for a parasitic or interstitial way of life, the metameric organization becomes less conspicuous.
Traditionally, theories about the origin of metamerism are associated with those on the origin of the coelom. The most frequent ones found in textbooks are the enterocoelic theory (REMANE 1956 ) and the hydrostatic theory (CLARK 1963 (CLARK , 1964 . The enterocoelic theory envisions a simultaneous origin of the coelom and of segmentation, as a consequence of the ontogeny of the mesoderm. However, besides difficulties encountered in establishing a direct relation of homology between different types of mesoderm and body cavities, one of the most inelegant consequences of this proposal is to consider flatworms as belonging to the clade of metameric and coelomate animals.
The hydrostatic theory avoids generalizations such as the above, being by far the most generally accepted theory. For CLARK (1963, 1964) , the origin of the coelom is linked to the evolution of a burrowing way of life. Animals with a hydrostatic skeleton supposedly would have an advantage over acoelomate forms for burrowing. From this point of view, body cavities could have been under selective pressure to evolve several times independently for a fossorial habitat within the Metazoa Haeckel, 1874. The body division into segments would represent an additional improvement for living within the substratum. Again, such a favorable selection pressure would have produced metamery several times independently within the Metazoa (CLARK 1963 (CLARK , 1964 .
The results of the present cladistic analyses reject both of these scenarios. The available evidence does not permit the rejection of an initial hypothesis of homology of the body cavities. Compartimented body segments with fluid cavities delimited by peritomium are present in all metamerians (except .  s  e  t  a  t  s  c  i  h  p  r  o  m  o  p  a  y  l  e  v  i  s  s  e  c  c  u  s  ,  4  -1  ;  e  t  a  t  s  c  i  h  p  r  o  m  o  i  s  e  l  p  ,  0  .  d  e  s  u  s  r  e  t  c  a  r  a  h  c  f  o  t  s  i  L  .  I  e  l  b  a  T   r  e  b  m  u  n  r  e  t  c  a  r  a  h  C  s  e  t  a  t  s  d  n  a  s  r  e  t  c  a  r  a  h  C   1  .  t  n  e  s  e  r  p  ,  1  ;  t  n  e  s  b  a  ,  0  :  e  g  a  v  a  e  l  c  e  k  i  l  -c  s  u  l  l in many ecdysozoans in which they may be totally reduced to a "pseudocoel" or absent). Furthermore, the enterocoelic type of coelom formation may be considered an apomorphic, secondary modification of the schizocoelic pattern with teloblastic development (CHRISTOFFERSEN & ARAÚJO-DE-ALMEIDA 1994) . The present hypothesis differs from the enterocoelic theory because we invert the polarity of body cavities (enterocoely becomes derived instead of primitive) and by our unlinking the characters coelom and metamerism. Body cavities appear before metamerism in the history of the Metazoa.
Optimization of ecological features over the phylogeny furnishes no evidence whatsoever for the hypotheses that the coelom and metamerism are associated with a burrowing habit (CLARK 1963 (CLARK , 1964 . The first body cavities are seen in Nemertea, where they are used as hydrostatic devices (rhynchocoels) for everting the proboscis (BRUSCA & BRUSCA 1990) , even though this may not be the original function in the groundplan of the Coelomata Christoffersen & Araújo-de-Almeida, 1994 . The body cavity in Nemertea may be considered an exaptation (preadaptation), subsequently modified for other functions, such as providing an hydrostatic body skeleton, promoting the circulation of body fluids, producing space for the maturation of reproductive cells, etc. (HYMAN 1951; BRUSCA & BRUSCA 1990; TURBEVILLE 1991) . Most metameric marine animals that dig into the substrate have the septae reduced or totally absent (e.g., Sipuncula Sedgwick, 1898, Glyceridae Grube, 1850, Goniadidae Kinberg, 1866, and Arenicolidae Johnston, 1835 among others). On the other hand, the mesenteric septae are well developed in some tubicolous forms and in most errant polychaetes (CLARK 1962; WILLMER 1990 ). These observations give little support for a correlation between septae and particular life styles. The analysis of ALMEIDA & CHRISTOFFERSEN (2000) favors the hypothesis of BONICK et al. (1976) and WESTHEIDE (1997) for some sort of association between the metameric septae and the development of parapodia (Fig. 3) . The septae contain blood vessels for the irrigation of the parapodia and muscles that may facilitate lateral body undulations when the animals move (WESTHEIDE 1997) . However, we further sustain that this scenario of the origin of metamerism in Polychaeta and Arthropoda is also shared with the deuterostomes (Enterocoela SAINT-HILLAIRE (1822) and DOHRN (1875), both of whom proposed the origin of the Vertebrata from annelid-like ancestors.
The morphological hypothesis detailed above is strongly corroborated by two other types of empirical data: (1) The burgeoning evidence of homology of the Hox genes that control segment formation in protostomes and deuterostomes (MCGINNIS et al. 1984; LAWRENCE 1990; FRANÇOIS & BIER 1995; HOLLEY et al. 1995; JONES & SMITH 1995; HOLLAND et al. 1997; SHUBIN et al. 1997; PANGANIBAN et al. 1997; PETERSON & DAVIDSON 2000; PETERSON et al. 2000a, b) ; and (2) the growing evidence for homologous developmental patterns shared by protostomes and deuterostomes (WEISBLAT et al. 1993; NÜBLER-JUNG & ARENDT 1994 ARENDT & NÜBLER-JUNG 1994 .
Sequence data (e.g., 18S rRNA, 12S rRNA, 18S rDNA, etc.) have produced molecular phylogenies which maintain the traditional divergence between Protostomia Grobben, 1908 and Deuterostomia Grobben, 1908 , and suggest a distant relationship between Annelida and Arthropoda (FIELD et al. 1988; BALLARD et al. 1992; WINNEPENNINCKX et al. 1992 WINNEPENNINCKX et al. , 1998 EERNISSE et al. 1992; KIM et al. 1996; GAREY et al. 1996 GAREY et al. , 1998 AGUINALDO et al. 1997; EERNISSE 1997; GIRIBET & RIBERA 1998; ZRZAVÝ et al. 1998; SCHIMIDT-RHAESA et al. 1998) . The heuristic value of these sequence data is clearly inferior to the genotypicphenotypic data produced from shared orthologous genes. As WÄGELE (1995, 1996b, 1999) , WÄGELE & WETZEL (1994) and WÄGELE et al. (1999) have stressed, many analyses of sequence data are not based on explicit phylogenetic criteria and result essentially from numerical analyses of similarities. There is ample evidence that these results are strongly dependent on sample size, selected organisms, types of sequences used, and chosen methods of analyses (WÄGELE & WETZEL 1994; WÄGELE 1995; SIDDALL et al. 1998; ALESHIN et al. 1998; WÄGELE et al. 1999; ALESHIN & PETROV 1999) . PHILIPPE et al. (1994) further demonstrated that, for cladogenetic events occurring before 400 Myr ago, data from 18S rRNA are definitely not reliable. ALESHIN & PETROV (1999: 196) and GIRIBET & RIBERA (2000: 225) also presented results indicating that phylogenies based on rDNA sequence may not contain enough information to give a satisfactory explanation for the large and complicated evolutionary history of arthropods. For all these reasons a skeptical posture was assumed regarding the phylogenetic significance of sequence data that differ from other types of comparative information analyzed in a phylogenetic context. Like the phenetic analyses of morphological data, many of the taxonomic arrangements proposed by molecular biologists may be based on plesiomorphic similarities and/or convergences.
Homeobox genes have recently been discovered in Platyhelminthes (BALAVOINE & TELFORD 1995; BALAVOINE 1996) . This led BALAVOINE (1997 BALAVOINE ( , 1998 to develop the idea that Platyhelminthes are highly modified coelomates. This hypothesis was not adopted here, because it is possible that the homeoboxes of Platyhelminthes are only responsible for the expression of the antero-posterior body axis, and possibly also of the serial organs (e.g., gonads in triclad tuberlarians; HYMAN 1951: 26). There is no direct evidence that Platyhelminthes have coeloms or derive from coelomate or metameric ancestors. The generality of Hox genes simply extends to the base of the Metazoa (PETERSON & DAVIDSON 2000) . The discovery of homeobox genes in Platyhelminthes is very interesting, but may be misleading if interpreted under preestablished evolutionary scenarios (such as the gonocoelic or enterocoelic theories). The present hypotheses on metazoan phylogeny have very old roots (e.g., GEOFFROY SAINT-HILLAIRE 1822; DOHRN 1875), but must also include the latest evidence, and the older views must be modified accordingly. The case of the Platyhelminthes provides a good example of this problem. The coelom appears at the base of Coelomata and in Nemertea it is used for everting the proboscis, while mesenteric septae and a ventral ganglionated nerve cord appear in Metameria associated with the development of parapodia (BONICK et al. 1976; WESTHEIDE 1997) . Thus the origin of the coelom and the origin of metamerism are decoupled in evolution. The presence of homeobox genes in Platyhelminthes is not incongruent with this scenario. A repetition of structures may be found also in the scoleces of cestode flatworms, in Mollusca Linnaeus, 1758 (HASZPRUNAR 1992 SCHELTEMA et al. 1994) , and apparently also in the Precambrian metazoan Dickinsonia Sprigg, 1947 (RUNNEGAR 1982 . A repetition of structures thus seems to precede both the origin of the mesodermic body cavities and the origin of the mesodermic metameres. The true novelty of metameric animals would consist in their reorganizing their body for a new system of locomotion that relies on metameric appendages. With this functional reorganization, preexisting plesiomorphies, such as homeobox genes, a hydrostatic skeleton, and a repetition of internal organs, have all been coopted for the walking-invention. Data suggests, hence, that homeobox genes are plesiomorphic for the Coelomata. Said in another way, metamerism is not to be interpreted as the direct phenotypic expression of homeobox genes.
Both tagmosis (functional specialization of groups of metameres) (Tab. I, #4) and reduction of the total number of metameres are accepted as apomorphic. The latter trend occurs in several tubicolous lineages such as Terebellida and Sabellida, and in burrowing forms such as Arenicolidae Johnston, 1835 and Maldanidae Malmgren, 1867. These polarities reestablish the traditional view that heteronomous polychaetes are derived in relation to those with a largely homonomous pattern of segmentation (FAUVEL 1923) . With Owenia positioned as the sister group of Enterocoela, several genetic patterns of tagmosis found in basal groups of deuterostomes (PETERSON et al. 2000a) are also seen to be found in polychaetes, providing further empirical support for the present hypothesis.
The first segment (Tab. I, #5) may be partially or totally fused to the cephalic tagma in Phyllodocida and in the basal groups of eunicids and related taxa (Nephtyidae Grube, 1850 and Amphinomidae Savigny, 1818) (Fig. 4) . The following segments may also be cephalized, as in Phyllodocidae Örsted, 1843 (DAY 1967; SCHRÖDER & HERMANS 1975; FAUCHALD 1977; GLASBY 1993; . These characters are considered apomorphies for these clades, which is congruent with the interpretations of GLASBY (1993), , PLEIJEL & DAHLGREN (1998), and CHRISTOFFERSEN (2000) . Evidence for or against the homology of the head tagma of Polychaeta with that of Ecdysozoa is still lacking.
With the total cephalization of the first metamere, parapodial structures such as neuropodia, notopodia and chaetae are not expressed. The only structures that indicate their metameric origin are the parapodial cirri (now called tentacular cirri) (Fig. 4) . In Nereididae, the first pair of tentacular cirri appears on the peristomial region (e.g., BLAKE 1975) and their inervation patterns are indicative of a segmental origin (ORRHAGE 1993) . If this first pair of cirri were not present, no evidence would be available to indicate that the anterior collar region in Nereididae Johnston, 1865 is metameric. Such segmental inervation could have been lost in Dorvilleidae Chamberlin, 1919 (see EIBYE-JACOBSEN 1994 , if the peristomial cirri of Onuphidae Kinberg, 1865 and Eunicidae Berthold, 1827 are equivalent to the tentacular cirri of Phyllodocida (Fig. 4) . In any case, many representatives of Sedentaria have one or two anterior apodous rings (Tab. 1, #6): Spionida (Magelonidae), Terebellida (Cirratulidae, Alvinellidae, Ampharetidae, Terebellidae, and Trichobranchidae), and scolecids (Arenicolidae, Capitellidae, Maldanidae, and Questidae) (see .
Prostomium and peristomium have dynamic boundaries
A traditional definition of the prostomium (Tab. I, #7) is the following: situated anteriorly, delimited from trunk by a groove, of pre-trochal origin, and containing in the adult at least part of the supra-oesophageal ganglion. Sensory appendages (antennae and palps) and photo-sensory organs (ocelli) are regularly present on the prostomium (FAUVEL 1959; FAUCHALD 1977; PETTIBONE 1982; GEORGE & HARTMANN-SCHRÖDER 1985; (Figs 4 and 5) .
Typological descriptions such as the above, when interpreted as immutable patterns, may generate confusion in the interpretation and delimitation of this structure. For example, if the prostomium corresponds to the pre-trochal anterior region of the trochophore larvae, then Mollusca and Sipuncula have a cephalic region of identical origin (see HYMAN 1959; SCHELTEMA et al. 1994; CUTLER 1994) and thus all three taxa should have homologous prostomia.
The groove that delimits the prostomium of annelids represents a redundant structure, because it results from body segmentation. In other words, non-metameric groups obviously do not have a head separated from the trunk by a groove. It may also be difficult to characterize the prostomium as the region that contains the supra-oesophageal ganglion, because in Clitellata this ganglion may be significantly displaced posteriorly (HESSLING & WESTHEIDE 1999) .
The presence of sensory structures is also not a good solution to characterize the prostomium, because many specialized Sedentaria, such as the scolecids, usually do not have palps, antennae or ocelli, and this absence does not characterize them as polychaetes without a prostomium.
The more basal forms of Ecdysozoa (except Kerigmachela Budd, 1993) also do not present sensory cephalic structures (BUDD 1993 (BUDD , 1996 . On the other hand, the anterior region, or acron, of Crustacea Pennant, 1777 bears cephalic appendages and contains part of the supra-oesophageal ganglion (SCHRAM 1986; SCHRAM & EMERSON 1991) . In both cases it is very difficult to establish either the presence or the absence of a typical prostomium in Ecdysozoa. Because of the above difficulties, presence of a pre-prototrochal cephalic region may be a synapomorphy of the clade Mollusca + Sipuncula + Metameria (Tabs. II and III).
The different degrees of fusion between the preprototrochal (prostomial) and prototrochal (peristomial) regions (Tab. I, #8), sometimes also involving the first metamere, are derived conditions in Metameria. This fusion was coded as a single character. This may form a "distinct head" in Maldanidae and Paraonidae (here provisionally included in Paraonida), a "tentacular crown" in the Sabellida or a "joint foliose, saddle-shaped, structure" in the Terebellida (PILGRIM 1966; HOLTHE 1986; ROUSE & FITZHUGH 1994) (Fig. 5) . The latter two conditions are clearly autapomorphies of the Sabellida and Terebellida, respectively. But more information is needed to resolve if the simpler head of Maldanidae and Paraonidae could represent a homologous stage towards the latter conditionsavoiding an essentialistic coding of the character.
Despite much variation in the shape of the prostomium -e.g., "T-shaped" in Spionida or forming an "inverted T" in Nereididae (DAY 1967; FAUCHALD 1977 ) -,only the annulation of the prostomium in Glyceridae and Goniadidae was considered as forming a synapomorphy (see HARTMAN 1950) (Tab. I, #9). This hypotheses agrees with that of HANSTRÖM (1928 HANSTRÖM ( , 1930 , in which the prostomium of the Glyceridae and of the Goniadidae are very complex and derived structures. In the figures of PETTIBONE (1963: fig. 46 ) and DAY (1967: fig. 15e ), an apparent annulation is also observed in Paralacydoniidae Pettibone, 1963 . These annuli may represent a synapomorphy -SCHRÖDER 1985) . An, lateral antennae; Anp, annulated prostomium; Ap, amphinomid-like parapodia; Dc, dorsal cirri; Ely, elytrophore; Fs, first segment; Hi, hypertrophied peristomial lips; Lpl, long sensory palps; Lvp, latero-ventral palps; Ma, median antennae; Pl, palps; Pr, peristomial ring; Prj, projecting neuropodia; Spi, spionimorph palps; Spl, stout articulated palps; Tc, tentacular cirri. Hutchings & Murray, 1984 (HUTCHINGS & MURRAY 1984 ; (L) Questidae represented by Questa caudicirra Hartman, 1966 (modified from FAUCHALD 1977 ; (M) Clitellata represented by Phallodrilus riparius Giani & Martinez-Ansemil, 1981 (Tubificidae) (modified from GIANI & MARTINEZ-ANSEMIL 1981). Fs, first segment; Gpl, grooved palps; Mp, multiple palps; Pb, parapodial branchiae; Pbn, parapodial chaetal bundles; Pr, peristomial ring; Pro, prostomium; Sp, spionimorph parapodia; Tcr, tentacular crown, Tno, truncate notopodia; To, tori.
Revista Brasileira de Zoologia 20 (1) for these three taxa, although further confirmation in Paralacydoniidae is needed. In some Polynoidae (here included in Polynoidea) the prostomium has small projections, or "prostomial peaks" (PETTIBONE 1963 (PETTIBONE , 1989 DAY 1967 ) (Tab. I, #10). There is no information on the function of these prostomial peaks, but find it reasonable to suppose that they have a tactile-sensorial function. In Polynoidea, prostomial projections are also found in acoetids and aphroditids (PETTIBONE 1989; WATSON RUSSELL 1989; HUTCHINGS & MCRAE 1993) . In the latter groups these sensitive structures occur in the same position, but may sometimes be photosensorial, because of the presence of ocelli in some acoetids (see PETTIBONE 1989) , and in other cases only tactile-sensitive, as in Laetmonice producta Grube, 1878 (see HUTCHINGS & MCRAE 1993 . Although the resolution of interrelationships between all the scaly worms lies beyond the objectives of this paper, some decisions regarding the basal plan of Aphrodita have made (ALMEIDA & CHRISTOFFERSEN 2000) . Eupanthalis McIntosh, 1876 may be one of the most basal groups among the Acoetidae, because of the high number of body segments, lateral antennae, and absence of ocular peduncles. These characters contrast in particular with many polynoids. On the other hand, some genera of Polynoidea (e.g. Lepidonotopodium Pettibone, 1983; PETTIBONE 1983 PETTIBONE , 1984 DESBRUYÈRES & HOURDEZ 2000a, b) may have less than 60 body segments, an oval body shape, while lateral antennae are absent. These characters are also shared with Aphrodita, and thus genera such as Lepidonotopodium may represent a transition between polynoids and aphroditids, while acoetids could have other still undetermined relationships among the scaly worms.
ROUSE & FAUCHALD (1997) considered the spinning glands to be synapomorphic for Acoetidae and Aphroditidae. However, they may represent independent acquisitions in these two taxa. The same applies to the ocular peduncles, which do not appear to be present in the basic plan of the Acoetidae.
Comparing the ocular peduncles of Aphroditidae with the prostomial peaks present in genera of polynoids such as Lepidonotopodium (see PETTIBONE 1983 PETTIBONE , 1984 DESBRUYÈRES & HOURDEZ 2000a, b) , the following hypotheses may be made: (1) they represent independent structures; or (2) they are homologous. The first hypothesis begs the question of why groups so close as polynoids with prostomial peaks and aphroditids with ocular peduncles would have independently developed structures which are so similar in position and function. It becomes perfectly plausible to consider that the prostomial peaks represent an evolutionary step that precedes the formation of ocular peduncles. For example, the developed ocular peduncles, such as those of Pontogenia Claparède, 1868 (HUTCHINGS & MCRAE, 1993: 310, fig. 52a ), could not have arisen in a single step without a precursor. The minute ocular peduncles such as those of Aphrodita terraereginae Haswell, 1883 (HUTCHINGS & MCRAE 1993 fig. 25a ) could represent an intermediary evolutionary step between prostomial peaks and well developped ocular peduncles. Instead of creating hypothetical structures for the origin of ocular peduncles in Aphroditidae, it is preferable simply to search their closest polynoid relatives (e.g., Lepidonotopodium; PETTIBONE 1983 PETTIBONE , 1984 for plausible structures of similar function and relative position to reach a hypothesis of homology. By character congruence, it is more parsimonious to hypothesize a transformation series going from prostomium without sensitive structures, passing through a stage of prostomial peaks present, and culminating with ocular peduncles, than to accept the alternative scenario: sensory structures absent, present, lost (in the ancestral polynoid of the Aphroditidae), and the reinvention of sensitive structures in the same position as the prostomial peaks.
The absence of ocular peduncles in Aphrodita (HUTCHINGS & MCRAE 1993) may represent a loss shared with Ecdysozoa, which would account for their absence in the latter taxon. Nevertheless, as discussed above, homologies between the anterior regions of Polychaeta and Ecdysozoa need further study.
The definition of the peristomium is also confusing in FAUCHALD & ROUSE (1997: 77) because it varies a great deal in shape in adults (or may be restricted to an area surrounding the mouth, or to the roof of the mouth, or lips, or may form one elongated segment). The peristomium is also described as of prototrochal origin (FAUCHALD 1977) . In the adults it may be restricted to the epidermal folds (lips) surrounding the mouth . They may also be identified as ringshaped (BRINKHURST & JAMIESON 1971; EIBYE-JACOBSEN 1994) . Finally, different degrees of fusion with the prostomium and/or with the first metamere have also been characterized .
The problem may lie in the notion that everything that is situated in a prototrochal region should be non-metameric (GILPIN-BROWN 1958) . The example of the first pair of tentacular cirri may be illuminating. These structures are identical to the remaining tentacular cirri (ORRHAGE 1993) . However, because of their prototrochal embryonic origin they have for a long time been interpreted as pre-segmental structures (SCHRÖDER & HERMANS 1975: 161) . But if segmental structures, and consequently representing the first metamere, can change positions during embryonic development, as appears to be the case of the second tentacular cirri pair of Nereididae (GILPIN-BROWN 1958) , then the apodous rings in this group and many Eunicidae, Sedentaria Audouin & Milne Edwards, 1833 and Clitellata (Figs 4 and 5), considered to be peristomial, may actually represent cephalized metameres. This would explain why peristomial lips "strangely" simulate apodous metameres (in the form of the rings).
The idea that embryonic regions would be static and immutable during development is not new. For example, until recently the differences among embryological fate maps for several phyla have been taken as evidences for the polyphyletic origins of the Metazoa (ANDERSON 1982) . COLLAZO & FRASER (1996) and COLLAZO (2000) have stressed, however, that embryological variations are expected during the development of any individual. In their words, "evolution depends on genotypic variation to proceed". Thus, valid characters form dynamic spectra of particular semaphoronts. The first tentacular cirri in Nereididae, although having neither chaetae nor parapodia, should not be interpreted as non-metameric. Comparatively the development of other tentacular cirri show ventral ganglia, parapodia, and chaetae that are lost and the appendages move forwards, fusing with the mouth region (GILPIN-BROWN 1958; SCHRÖDER & HERMANS 1975) . The first pair of tentacular cirri of the Nereididae should be a step towards total cephalization from a state similar to other tentacular cirri. Hence, the peristomium is homologized exclusively with the peristomial lips (Tab. I, #11), which is not the same as considering rings or segments to be cephalized. The peristomium structure must represent a synapomorphy for all metamerians. The peristomial labiae become subsequently hypertrophied in Eunicidae and Onuphidae. Tentacular cirri, as mentioned above, must be referred to as cephalized appendages of metameric origin.
In Ecdysozoa there is apparently no structure equivalent to the peristomium. Nevertheless, Xenusion auerswaldae Pompeckj, 1927 has the buccal region surrounded by papillae (DZIK & KRUMBIEGEL 1989) . These may correspond to the peristomial labiae or even to the buccal papillae of the Polychaeta. Because there is no strong evidence for this homology, this characters was coded with a "?" for the Ecdysozoa.
Prostomial and peristomial appendages: palps and lophophores
There has been much uncertainty regarding the homology of the cephalic appendages of Polychaeta. The palps of Nephtyidae Grube, 1850 were considered to be an extra pair of antennae (see FAUCHALD 1977) , or the presence of sensory palps were believed to be restricted to the Nereidoidea George & Hartman -Schröder, 1985 (GLASBY 1993 . Much of this confusion has been clarified by anatomical investigations of the cerebral nerves (ORRHAGE 1966 (ORRHAGE , 1974 (ORRHAGE , 1978 (ORRHAGE , 1980 (ORRHAGE , 1990 (ORRHAGE , 1991 (ORRHAGE , 1993 (ORRHAGE , 1995 (ORRHAGE , 1996 PURSCHKE 1993) .
From these studies it has been recognized that all palps are homologous structures (Tab. I, #12). Contrary to , optimization analyses show that the sensitive, ventral position of these organs shall represent the plesiomorphic condition (Tab. I, #13). The presence of ventrolateral palps in Eunicida must represent an intermediary state in relation to the grooved feeding palps of the Spionida. Long and robust sensitive palps are a synapomorphy of the scale worms (Tab. I, #14). On the other hand, stout palps and biarticulated palps (Tab. I, #15, #16) are interpreted here as autapomorphies respectively of Phyllodocidae and Nereididae. The subsequent state of this series is represented by the ventrolateral palps beginning in the Nephtyidae (Fig. 4) .
Grooved palps with the functions of feeding and respiration (Tab. I, #17, #18) represent a strong synapomorphy of the sedentarians, associated with a radical change in their mode of life. The palps of Dorvilleidae, despite not having a ciliated groove as in Spionida, Terebellida, and Serpulida, must represent a step immediately preceding the grooved palps, considering their shape and relative size. There is no great obstacles to this proposal of homology, because Magelonidae (here included in Spionida), also do not have a ciliated groove in their palps.
Losses of palps occur several times in Metameria in connection with habitat shifts. This should not appear suspicious. In several groups in which palps are already absent (Scalibregmatidae and Paraonidae), there are still clear indications of vestigial inervation of these palps (ORRHAGE 1966 (ORRHAGE , 1993 . The inverse hypothesis, that the presence of nerves is a previous condition to the occurrence of palps, is not feasible, because the innervation found in Scalibregmatidae and Paraonidae do not innervate particular prostomial structures. This inervation becomes completely lost in the Clitellata. PURSCHKE et al. (1993) recognize that these losses of the prostomial appendages represented an autapomorphy for the Clitellata (PURSCHKE et al.,2000) . Stout and articulated palps become a nested synapomorphy of the Nereididae Johnston, 1865 and Pilargidae Saint-Joseph, 1899 (Figs 4 and 5 ).
Due to hypotheses of primary homology and to character congruence, short and non-articulate prostomial antennae must be present in the groundplan of the Metameria (Tab. I, #19). These antennae change their position from frontal to occipital in the Eunicida. They may be reduced to occipital papillae in many specialized groups such as the Eunicidae, or may be totally absent in others, such as the Myzostomidae, Ichthyotomidae, Hartmaniellidae, and Aeolosomatidae. Prostomial antennae are also absent in Sabellida, Terebellida, Owenia, and the Enterocoela (the basal group of which are the pogonophorans having a prostomium without antenna, see CHRISTOFFERSEN & ARAÚJO-DE-ALMEIDA 1994) (Figs 4 and 5) .
The median antenna does not have the same generality as the lateral antennae (Tab. I, #20). This structure is absent in the outgroup and in the most basal taxa of Paralacydoniidae, Glyceridae, Goniadidae, Pisionidae, and Nereididae, for example.
A possible homology between the cephalic appendages of Polychaeta and the mesocoelic appendages of Enterocoela is still controversial. They have a prostomial origin in most polychaetes (FAUCHALD 1977) , while they originate from the "peristomium" (or mesocoelic region) in the phoronids (SALVINI-PLAWEN 1982) . The first pair of tentacular cirri in Nereididae is also peristomial, having a similar inervation pattern to the prostomial appendages of other polychaetes (BLAKE 1975; GLASBY 1993; ORRHAGE 1993) . In other words, the first somite of Nereididae was added to the cephalic region, appearing connected to the peristomium already in the embryo. Maybe a similar embryonic shift in position has also occurred from the prostomial palps of Pogonophora to the peristomial (mesocoelic) lophophores of the Radialia Ax, 1989. Actually, the entire transformation series involved in the shift from an errant to a burrowing mode, and then to a tubicolous habit is related to a gradual reduction of the posterior parapodia and a parallel development of the anterior appendages in the cephalic region. Hence, the lophophore appears to be homologous to the well-developed tentacles seen in the Sabellida and in Owenia.
Comparing the cephalic region of polychaetes with the basal groups of Ecdysozoa is still more difficult. The lobopod Cambrian fossils Xenusion Pompeckj, 1927 , Hallucigenia Conway Morris, 1977 , and Microdyction Bengtson, Matthews & Missarzhevsky, 1981 , Onychodictyon Hou, Ramsköld & Bergström, 1991 , for example, have no cephalic appendages. Aphrodita does not have lateral antennae, but still has a rudimentary median antenna (HUTCHINGS & MCRAE 1993) . This indicates that these antennae are gradually lost in this lineage. We thus interpret the prostomial antennae as being reduced in Aphrodita and lost in Ecdysozoa. In fact, there is little support for the presence of prostomial antennae in ecdysozoan lineages.
The cephalic palps may also have been lost in the Ecdysozoa, although these structures still appear to be well developed in scale worms. In another Cambrian lobopod, Kerigmachela, however, there are two frontal tentacles (BUDD 1993 ) that could represent modified palps (ALMEIDA & CHRISTOF-FERSEN 2000: 43) .
Although these suggestions of secondary reductions of cephalic appendages sound speculative, they may be less farfetched than trying to establish homologies between such distant structures as the palps of Aphrodita and the first pair of antennae in Crustacea.
Parapodia and lobopodia: homologous locomotory appendages
Parapodia are extensions of the body wall functioning in locomotion and for protection (FAUCHALD 1974; PETTIBONE 1982; BRUSCA & BRUSCA 1990) . The appearance of parapodia in animal evolution may be related to the development of the mesenteric septa and of the ventral ganglia. As a result of these innovations we obtain a functional complex that includes blood irrigation and the nervous control of parapodial muscles (BONICK et al. 1976; WESTHEIDE 1997) . These correlations are corroborated by the congruence of all these individual characters in the present analyses.
The most generalized parapodium in our analysis has a neuropodium more developed than the notopodium ("projecting neuropodia") (Tab. I, #21). This condition occurs in most of our basal groups of Metameria. It had been expected that a basal parapodium similar to that hypothesized by FAUCHALD (1974) would be found, in which both notopodia (Tab. 1, #22) and neuropodia (Tab. 1, #23) were equally developed. This opinion turned out to be equivocated, however, since such symmetrical parapodia are only found in Nephtyidae and Amphinomidae. Equal rami of the parapodia thus become a convergence in Nephtyidae and Amphinomidae.
Among polychaetes, the scale worms (e.g., Harmothoe Kinberg, 1855, Lepidonotus Leach, 1816, and Aphrodita) have the most efficient parapodia for locomotion (METTAM 1971: 510) . While most 'errant polychaetes' depend on lateral undulations of the body for the functioning of their parapodia, Aphrodita use only the parapodia for movement (METTAM 1971: 512) (Tab. I, #24). Furthermore, Aphrodita also develops a series of diagonal parapodial muscles, which dramatically increase the muscular complexity of these parapodia (STORCH 1968; METTAM 1971; PILATO 1981) . ALMEIDA & CHRISTOFFERSEN (2000) argumented these characters are possibly synapomorphies shared by Aphrodita and Ecdysozoa (Fig. 6) . They demonstrated that MANTON (1952 MANTON ( , 1967 MANTON ( , 1969 MANTON ( , 1973 MANTON ( , and 1977 based her arguments for the homology of lobopodia and arthropodia on the presence of these new diagonal muscles (STORCH 1968; METTAM 1971; PILATO 1981) . Arguments of Manton against the homology of parapodia and lobopodia were based on the supposed absence of these muscles in Polychaeta (MANTON 1967: 11) . The muscle structure of the parapodia of the Aphrodita shows that the main argument used to criticize the derivation of Arthropoda from Polychaeta is based on incorrect premises (ALMEIDA & CHRISTOFFERSEN 2000) .
In proposals suggesting the derivation of arthropodia from parapodia (WALTON 1927; SHAROV 1966; LAUTERBACH 1978) the notopodia of polychaetes are homologous to the exopodites of arthropods, and the neuropodia are homologous to the endopodites. The matter regarding which lobopodians represent the most basal ecdysozoans is still unresolved. If forms with biramous appendages such as Kerygmachela (BUDD 1993) turn out to be most basal, no changes in our scheme should be necessary. On the other hand, if uniramous forms such as Xenusion auerswaldae turn out to be most basal (BUDD 1996) , it would become necessary to consider that only the neuropodium is homologous to the lobopodium and arthropodium. In this case the biramous condition found in different lobopodian and arthropod clades would not be homologous. BUDD (1996) sustains this last scenario for his phylogeny of the lobopodians. However, in order to make sense of these two conflicting hypotheses, if the homology between elytrae and dorsal plates is accepted, it would be necessary to sustain that the ancestral ecdysozoan was uniramous and armored, the opposite of what BUDD (1996) suggested. The resolution of these problems requires a joint analysis of the phylogeny of the Ecdysozoa with the Lobopodia.
ZRZAVÝ & STYS (1995) provided other arguments against the homology of parapodia and arthropodia. They analyzed the expression of gene en (related to the expression of parapodia and arthropodia) and wg (related only to arthropodia). As already considered in ALMEIDA & CHRISTOFFERSEN (2000) , there are disagreements with the conclusions of ZRZAVÝ & STYS (1995) . Despite detecting differences among taxa, these authors did not prove that parapodia and arthropodia have a nonhomologous genetic basis. More recent molecular data presented by PANGANIBAN et al. (1997) show that arthropodia and parapodia share the same genetic expression for the gene Distal-less (Dll). Even so, PANGANIBAN et al. (1997) do not propose the homology of parapodia with arthropodia, supposedly because of the contrary opinions of FIELD et al. (1988) and WINNEPENNINCKX et al. (1995) . As discussed above, sequence data have an inferior heuristic value in relation to data that correlate genes with phenotypes.
The homology between parapodia of polychaetes and chaetal bundles of oligochaetes has also been a matter of some questioning. According to BRINKHURST (1984a) , the arrangement of chaetae into dorso-lateral and ventro-lateral bundles is the most efficient disposition for burrowing and should be considered the most derived state. In this scenario the most basal annelid should have the body entirely surrounded by chaetae. This pattern would be congruent with the pattern of spicules and hooks present in aplacophoran molluscs (HASZPRUNAR 1992; SCHELTEMA et al. 1994 ) and sipunculans (STEPHEN & EDMUNDS 1972; RICE 1993; CUTLER 1994) . Unfortunately for this hypothesis, chaetae surrounding the body are only found in derived forms of terrestrial Oligochaeta. TIMM (1981) indicates that groups such as Haplotaxidae Michaelsen, 1900 and Tubificinae Eisen, 1879, in which the chaetal bundles should be vestiges of parapodia, represent the basal forms of Clitellata. The basal groups of oligochaetes indicated by the analysis of BRINKHURST ( , 1982 BRINKHURST ( , 1984a BRINKHURST ( , b, 1988 BRINKHURST ( , 1989 BRINKHURST ( , 1991a BRINKHURST ( , b, 1992 BRINKHURST ( a, b, 1994 , BRINKHURST & NEMEC (1987) , and OMODEO (1998) all have dorso-lateral and ventro-lateral chaetal bundles. Such chaetal bundles do not occur in the burrowing outgroups of the Metameria (Sipuncula and Mollusca), and thus do not appear to be "advantageous" for excavation after all, as suggested by BRINKHURST (1984a) . Consequently, there are no real obstacles for considering parapodia of polychaetes and chaetal bundles of clitellates as homologous structures. A likely candidate for the closest outgroup of the Clitellata, the Questidae also has parapodia considerably reduced as a consequence of their burrowing habit. Chaetal bundles are inferred to represent one more successive character state in the evolution towards fossorial habitats, which began in lineages of marine polychaetes and culminated in the conquest of land in some lineages of clitellates. In other burrowing and tubicolous polychaetes (scolecids and Spionida), the parapodia are also reduced when compared to those found in the errant polychaetes. The transformation series affecting parapodia may be ordered from (1) projecting parapodia, to (2) spioniform parapodia, to (3) parapodia reduced to tori (which includes Pogonophora, the most basal group of Enterocoela) (CHRISTOFFERSEN & ARAÚJO-DE-ALMEIDA 1994) to (4) the exclusive presence of chaetal bundles in the scolecids and clitellates (originally in two pairs per segment) (Fig. 5 ). All these states represent successive stages in the conquest of a sedentary way of life and then of continental environments.
Parapodial cirri, parapodial branchiae, elytrae, and lobopodian dorsal plates Parapodial cirri are structures fundamentally involved in sensory functions (PETTIBONE 1982) . Both dorsal (Tab. I, #25) and ventral cirri (Tab. I, #26) are quite generally distributed in the Metameria. It is hypothesized that they were already present in the basal plan of this taxon, and their presence in glycerids gives additional support to this point of view.
Sometimes the evolution of the parapodial cirri may occur by parallel transformation series. For example, in several lineages of the Phyllodocidae, both dorsal and ventral cirri may change independently from a filiform to a foliaceous shape . In most cases, however, these structures suffer distinct transformations in different lineages of metamerians.
The ventral cirri are morphologically more conservative. They are usually cirriform, independently of the shape of the dorsal cirri (e.g., in scale worms). Only occasionally does their shape vary, becoming foliaceous (e.g., Phyllodoce Savigny, 1818 in Phyllodocidae), or papillated (e.g., in Sphaerodorum Örsted, 1843, herein included in Syllidae). The presence or absence of ventral cirri is also observed to be quite independent of the presence or absence of dorsal cirri. The absence of ventral cirri is the most frequent apomorphic condition in our analysis. They are independently lost in some internal clades of pelagic and interstitial taxa (e.g., Tomopteridae Johnston, 1865 and Dinophilus Schmidt, 1848), and they are absent in nearly all groups of Sedentaria (e.g., Spionida, Capitellidae, and Questidae) (FAUCHALD 1977; PETTIBONE 1982; .
The dorsal cirri are more variable in shape. Besides presenting the cirriform and foliaceous shapes mentioned above for the ventral cirri, they may also appear in the shape of elytrae or parapodial gills. MACKIE & CHAMBERS (1990) did not accept the homology between elytrae and parapodial gills in Sigalionidea. They considered the elytrae to be modified dorsal tubercles. But like , these dorsal tubercles are here recognized as another modification of the dorsal cirri. More precisely, the dorsal tubercles must represent diverticula of the dorsal cirri. Furthermore, dorsal tubercles and elytrae never occur in addition to the dorsal cirri in scale worms, while all three mentioned structures occupy similar positions and develop similarly (DAY 1967; FAUCHALD 1977; PETTIBONE 1982; . All these observations corroborate the hypothesis that these differently named structures are in fact homologous.
In several Cambrian lobopodian fossils (Xenusion, Onychodictyon, Hallucigenia, Microdictyon) (BUDD 1996) dorsal plates that are similar in form and position to the elytrae of the scale worms have been found. This suggested homology is congruent with the proposed homology between the parapodia of Aphrodita and the arthropodia of Ecdysozoa (ALMEIDA & CHRISTOFFERSEN 2000) . The presence of dorsal plates would place the Cambrian lobopodians in a basal position relative to Ecdysozoa. BUDD (1996) considered dorsal plates to be an autapomorphy for his clade Armata Budd, 1996 (Xenusion, Onychodictyon, Hallucigenia, and Microdictyon) . Placing Aphrodita as the sister group of Ecdysozoa makes the dorsal plates symplesiomorphic for those fossils. If the homology of elytrae with dorsal plates is accepted, these structures will represent a synapomorphy for all representatives of Holopodia (Aphrodita + Ecdysozoa), and the presence of dorsal plates should no longer be restricted to the Cambrian lobopodians.
Parapodial gills may represent diverticula of the dorsal cirri (e.g., Eunicidae and Onuphidae), or may even represent the entire dorsal cirri (e.g., Spionidae) (ALMEIDA & CHRISTOFFERSEN 2000: 48 and Fig. 14) . However, such structural and functional changes of the dorsal cirri have occurred homoplastically in several different in-group lineages of the Glyceridae, scale worms, and Nereididae. Notwithstanding, in agreement with , ROUSE & PLEIJEL & DAHLGREN (1998) , parapodial gills found in eunicids are considered synapomorphic for the members of this group. This is indicated by their structural and positional similarities in the group, and by their congruence with another character.
The present results also agree with FAUCHALD & ROUSE (1997) and in that the intra-parapodial gills of the Nephtyidae are not homologous to the parapodial gills of eunicids, due to their distinct position and mainly because both dorsal cirri and parapodial gills may occur together in a same animal.
The dorsal and ventral cirri of the first segment in Phyllodocida became modified into tentacular cirri (Tab. I, #27). The cephalization of the first metamere occurs in parallel with the modification of these tentacular cirri (FAUCHALD 1977) (Fig.  4) . This cephalization process of the first metamere may be total, in which the parapodial structures (neuropodia, notopodia, and chaetae) are suppressed, except for the tentacular cirri. The incorporation of the first metamere may occur in such a way that the tentacular cirri of this segment may develop from the peristomium in the larvae, as in Nereididae (see ORRHAGE 1993) . Further anterior segments may be added to the head (DAY 1967; FAUCHALD 1977; GLASBY 1993) . Consequently, each pair of tentacular cirri must correspond to a cephalized metamere.
Even though EIBYE-JACOBSEN (1994) identified the two anterior rings of Eunicidae and Onuphidae as peristomial (Fig.  4) , the possibility cannot be completely eliminated that the "peristomial cirri" of these taxa may be homologous to the tentacular cirri of the phyllodocidens. The first tentacular cirri of Nereididae and the palps of Spionida are peristomial in position throughout development, but their inervation is clearly metameric (ORRHAGE 1964 (ORRHAGE , 1966 (ORRHAGE , 1974 (ORRHAGE , 1993 . A similar positional displacement could also have occurred in Eunicidae and Onuphidae. Although tentacular cirri are present in scale worms, there is no indication of the occurrence of these structures in Ecdysozoa. The loss of the cirri, hence, is an obvious ecdysozoan synapomorphy. In their most plesiomorphic state, parapodial cirri must function as sensorytactile devices in raptorial forms, for the capture of prey in association with the functioning of the pharyngeal mandibles (PETTIBONE 1982; BRUSCA & BRUSCA 1990) . The transformation of dorsal cirri into gills and the loss of ventral cirri must be the result of adaptive selection for a sedentary habit. Neither Owenia nor Questidae have dorsal or ventral cirri (Fig. 5) . That leads to the possibility that cirri are also lost in Enterocoela and Clitellata. Once again, the mere absence of these polychaetoid structures should not be used to exclude a priori the Enterocoela and the Clitellata from from the remaining metameric animals.
Capillary and compound chaetae, hooded hooks, and uncini in Metameria
All chaetae present in metamerian groups are considered to be homologous (Tab. I, #28), including the falcate hooks of Echiura (which are also shared with the Myzostomida) (JÄGERSTEN 1936; STEPHEN & EDMONDS 1972; GUSTUS & CLONEY 1972; SPECHT 1988) . The most frequent type of chaeta in the Metameria is the simple or the capillary chaeta. These may become modified either into compound chaetae (e.g., Glyceridae, Nephtyidae, Phyllodocidae, and Dorvilleidae) or uncini (Terebellida and Sabellida). As with most other characters, the chaetae are lost in several specialized groups (e.g., Poeobiidae, Polygordiidae, Histriobdellidae, and Diurodrilidae). All chaetae are formed by β-chitin (Nielsen 1995) , although Amphinomidae and Euphrosinidae have their chaetae impregnated by calcium carbonate (Gustafson 1930 ) (Tab. I, #29). This later modification represents a synapomorphy for these two taxa PLEIJEL & DAHLGREN 1998; ALMEIDA & CHRISTOFFERSEN 2000) .
Fine silky chaetae are found in Acoetidae (including Polynoidea) and Aphroditidae (partially included within Polynoidea) (PETTIBONE 1989; HUTCHINGS & MCRAE 1993) . Long and delicate chaetae, although not involved in the formation of the felt, as in Aphroditidae, are also found in Polynoidae (included in Polynoidea) (see DAY 1967) . There are no indications of chaetae for Ecdysozoa. This character was thus coded with a "?" for the Ecdysozoa and restricted the loss of the compound chaetae to form a synapomorphy for the Polynoidea (actually this character produces at least one homoplasy because it occurrs in other taxa such as the Clitellata).
BARTOLOMAEUS (1995), MEYER & BARTOLOMAEUS (1996) , BARTO-LOMAEUS & MEYER (1997) , HAUSEN & SCHWEIGKOFLER et al. (1998) provide strong evidence for the homology between the neuropodial chaetae (uncini) of some tubicolous forms, like terebellids, sabellids and enterocoels, with other types of hooked chaetae. Like the remaining types of chaetae, the uncini are also formed within chaetal follicles, which are distributed in transversal rows along the neuropodial rim (BARTOLOMAEUS 1995) . Such follicles consist of two cells and a chaetoblast, whose bands of microvilli give rise to the teeth and the shaft of the uncinus. The curved pattern of the teeth of these hooked chaetae in oweniids, arenicolids, capitellids and spionids is the result of a reorientation of the longitudinal axis of the microvilli of the chaetoblast during chaetogenesis (MEYER & BARTOLOMAEUS 1996) and must have originated more than once in the group.
The uncini are sometimes distinguished from other hooked chaetae (Tab. 1, 31) because the former has a very short shaft, whereas the latter possess long-shafted columnar structures. According to BARTOLOMAEUS (1995) , the uncinal chaetae may also be characterized by the fact that the microvilli of their chaetoblasts are completely withdrawn by the end of chaetogenesis, being replaced by short processes from the chaetoblast, that keep the uncinus attached to the follicle. Furthermore, the uncini are exposed in their follicles when completely formed. Hooked setae, on the other hand, arise from the epidermis before chaetogenesis is completed (BARTOLOMAEUS & MEYER 1997) . MEYER & BARTOLOMAEUS (1996) pointed out that neuropodial hooked chaetae in members of Owenia do not possess structures that can be homologized to the rostrum of the uncini, as interpreted by NIELSEN & HOLTHE (1985) . However, the different number of microvilli involved in the formation of both rostrum and capitulum does not necessarily refute a hypothesis of homology between the groups of teeth of hooked chaetae and uncini. This opinion was mainted here despite the fact that MEYER & BARTOLOMAEUS (1996) provided evidence for a distinct mode of chaetogenesis of the hooked chaetae in Owenia. Again, differences per se are insufficient to refute hypotheses of homology.
Unpublished data on the chaetogenesis of the chaetopterid uncini demonstrates that this process fits well with descriptions of chaetal development in sabellids and terebellids (BARTOLOMAEUS pers. comm.) . GUPTA & LITTLE (1970) , ORRHAGE (1973b) , BARTOLOMAEUS (1995), and BARTOLOMAEUS (1996) have been followed in the assumption that the uncini of pogonophorans are homologous to the uncini of other tubicolous polychaetes. The similarities extend to general morphology, disposition on segments (forming transverse rows) and site of formation. Although the presence of uncini represents a synapomorphy positioning Pogonophora among the sabellids at a more restricted hierarchical level, it must be stressed that this character represents a symplesiomorphy for the internal groups of Enterocoela (CHRISTOFFERSEN & ARAÚJO-DE-ALMEIDA 1994) . This character should not be considered a valid difference separating the deuterostomes from the protostomes. The opisthosome of Pogonophora is non-informative for deuterostome phylogeny, in the same way that ovoviparity in monotremes is not informative for the phylogeny of mammals. If this hypothesis of the homology of uncini is correct, the intriguing occurrence of polychaete-like chaetae in brachiopods (GUSTUS & CLONEY 1972) could represent a case of evolutionary reversion (genetic atavism).
Unicini were considered specialized chaetae, though it is not possible at this time to point out with certainty from which kind of hooked setae they are derived. The spioniform groups present different kinds of hooked chaetae, some of which are very similar to those seen in the neuropodia of Owenia (NIELSEN & HOLTHE 1985) .
The so-called 'chaetal inversion', as well as modifications in the shapes of the parapodial rami, occurs near the transition between thoracic and abdominal regions of Sabellariidae and Sabellidae (DALES 1952; FITZHUGH 1989; . The notopodia of the thoracic region in these groups carry capillary chaetae and neuropodial uncini, whereas the abdominal region exhibits capillary chaetae in the neuropodia and uncini in the notopodia (FITZHUGH 1989; . This phenomenon is not observed in terebellids and chaetopterids, in which uncini are also present (see description of their parapodia in FAUCHALD 1977). Apparently no evidence of this pattern has been found in Pogonophora. As further evidence for the lack of chaetal inversion in the Enterocoela, we mention that in early developmental stages of Ridgeia Jones, 1985 (Vestimentifera Jones, 1985 the opistosomal uncini seem to be restricted to the ventral side of each segment (see SOUTHWARD 1988; BARTOLOMAEUS 1995: 173 , for comments on pogonophoran uncini).
BARTOLOMAEUS (1995) and BARTOLOMAEUS & MEYER (1999) established two different sites for the formation of chaetae in the neuropodial tori. In this first observation, only the Arenicolidae and the Maldanidae were said to have the formative site localized on the ventral edge of the neuropodial rim. On the other hand, in Terebellida, Sabellida, and Pogonophora, such sites were observed on the dorsal edge. This pattern was later confirmed for other families of Polychaeta, namely Oweniidae, Capitellidae, and Spionidae (MEYER & BARTOLOMAEUS 1996; HAUSEN & BARTOLOMAEUS 1998; SCHWEIGKOFLER et al. 1998) . According to present results, this would suggest that the ventral formative site of hooked chaetae might be a synapomorphy of Arenicolidae + Maldanidae (BARTOLOMAEUS & MEYER 1999) . This would be a reliable hypothesis: (1) because this monophylum is a derived group within the sedentary polychaetes; and (2) due to the more basal position of Spionida within the Sedentaria in the present study. However, ultrastructural examinations of the neuropodial formative sites are also necessary for other families of polychaetes, in order either to confirm the ventral formative site as a synapomorphy of the Arenicolidae+Maldanidae, or to verify whether the ventral formative site may have derived from the dorsal one. Thus, this particular character has not been used in the present analyses.
Our interpretation of the acicula differs from that of in that we consider their presence in Psammodrilidae and Orbiniidae as a primary retention, while we consider their absence from Spionida and the remaining apical taxa as a synapomorphy for the resulting clade Sedentaria.
Capillary and spinous chaetae are undoubtedly homologous to polychaete chaetae (STEPHENSON 1930; COOK 1971) . Consequently, the inclusion of Clitellata among the polychaetes is entirely congruent with this knowledge.
Aciculae and chaetae are absent in Ecdysozoa. However, in some scale worms, from Polynoidea onwards, there has already occurred a loss of compound chaetae. It thus seems plausible to follow this trend through and consider that capillary chaetae and aciculae were further lost at the transition from scale worms to ecdysozoans. The absence of acicula (Tab. I, #32) is clearly related to the acquisition of new apodemes for muscular attachment. The beginnings of this new arrangement may already be observed in Aphrodita, in which the muscles are much more complex for vigorous movements of the parapodia (STORCH 1968; METTAM 1971; PILATO 1981) . The plesiomorphic function of chaetae for the movement of errant worms has evidently been superseded by the novel mode of locomotion by articulated appendages in arthropods.
Pygidial cirri
Pygidial cirri (Tab. I, #33) are sensory-structures usually similar to parapodial cirri (FAUCHALD 1977; PETTIBONE 1982) . Most of their variations in number and shape are restricted to internal clades not studied herein (e.g., Cossuridae, Polygordiidae, Saccocirridae). A single pygidial cirrus represents an autapomorphy of Nephtyidae (DAY 1967) , and additional peglike appendages are autapomorphic for Eunicidae (FAUCHALD 1992a, b) . A single pair of pygidial cirri must be synapomorphic for all Metameria.
There is no evidence of the occurrence of these structures in Enterocoela and Clitellata, neither in their respective sister groups, Owenia and Questidae (NIELSEN & HOLTHE 1985; GIERE & ERSÉUS 1998) . In Ecdysozoa, pygidial cirri are also absent from both Cambrian lobopods and recent Onychophora. ALMEIDA & CHRISTOFFERSEN (2000: 43) tentatively interpreted the posterior pair of tentacles in Kerigmachela as pygidial cirri. Similar homology relations with the higher enterocoelans require a dorso-ventral inversion of the nervous system, a hypothesis that is becoming increasingly accepted with molecular and ontogenetic evidence (NÜBLER-JUNG & ARENDT 1994 ARENDT & NÜBLER-JUNG 1994 . This tends to dissipate the objections of ORRHAGE (1973a) for the existence of an annelidlike ancestor for the deuterostomes. Even so, the nervous system of the Pogonophora is similar to that found in the Enterop- Cuticle ROUSE & FAUCHALD (1995) indicated that the cuticle of annelids (Tab. I, #34) is composed of collagen (see also GUSTAVSSON & ERSÉUS 2000) . However, that their chaetae are composed of chitin. Annelids have β-chitin, while ecdysozoans usually have α-chitin. However, β-chitin has been reported also in Pentastomida (Karuppaswamy 1977; but see Delle Cave et al. 1998) , an ecdysozoan of problematical position with a fossil record overlapping that of the Cambrian lobopods ; SEE also AlmeiDA & CHRISTOFFERSEN 1999 FOR PHYLOGENETIC EXPLANations about the positions of these fossils). This seems to indicate to us that despite the differences in composition between α-chitin and β-chitin, these must derive from a same genetic pool. The presence of chitin in the cuticle must be a synapomorphy for all Metameria, β-chitin being the groundplan condition. The reappearance of β-chitin in the pentastomid ecdysozoan, like the reappearance of chitinous chaetae in the brachiopod enterocoel (GUSTUS & CLONEY 1972) , may represent another case of genetic atavism.
Epidermic papillae are common in several polychaete lineages, e.g., in Aphrodita (PETTIBONE 1966; WATSON RUSSELL 1989; HUTCHINGS & MCRAE 1993; CHAMBERS & MUIR 1997 ) (Tab. I, #35). Similar structures occur in the Cambrian lobopode Xenusion (DZIK & KRUMBIEGEL 1989) . In recent Onychophora these papillae are strongly decorated (HARMER et al. 1997) . Despite some differences in shape and development, all these epidermal rugosities may be homologous (Fig. 6 ).
Nervous system
The nervous system of Platyhelminthes, Nemertea, Mollusca, and Sipuncula has non-ganglionated ventral nerve cords. The circumpharyngeal connectives (Tab. I, #36) could represent a synapomorphy uniting the supra-pharyngeal ganglion to the ventral nerve cords in Nemertea, Mollusca, Sipuncula, and Metameria (HYMAN 1951, 1959; BRUSCA & BRUSCA 1990) . Metameric ganglia (Tab. I, #37) evolved together with parapodia and their presence is a synapomorphy of metameric animals. Their presence in animals without septae and without appendages, such as Rotifera (NIELSEN 1995) indicates that these animals are derived from metameric animals that had appendages.
There are no great problems in establishing relations of homology among the nervous systems of Polychaeta, Clitellata, and Ecdysozoa. This interpretation has been held since CUVIER (1812) established the taxon Articulata. Similar homology relations with the higher enterocoelans require a dorso-ventral inversion of the nervous system, a hypothesis that is becoming increasingly accepted with molecular and ontogenetic evidence (NÜBLER-JUNG & ARENDT 1994 ARENDT & NÜBLER-JUNG 1994 . This tends to dissipate the objections of ORRHAGE (1973a) for the existence of an annelid-like ancestor for the deuterostomes. Even so, the nervous system of the Pogonophora is similar to that found in the Enteropneusta and remaining lophophorates (SOUTHWARD 1993: 360-366; CHRISTOFFERSEN & ARAÚJO-DE-ALMEIDA 1994: 189; SALVINI-PLAWEN 2000: 140) .
Nuchal organs are a synapomorphy of metamerians
Nuchal organs (Tab. I, #38) may be provisionally interpreted as synapomorphic for metameric animals. Sensory organs in a similar position are found in Sipuncula (BRUSCA & BRUSCA 1990) and Nemertea (HYMAN 1951) . TURBEVILLE (1991) , RICE (1993) and ROUSE & FAUCHALD (1995 indicate structural and inervation differences among these sensory organs when compared to polychaete nuchal organs. Despite such differences, the possibility always remains that these cephalic sensory structures may represent a synapomorphy of coelomates.
Following and PLEIJEL & DAHLGREN (1998) , present results suggest that the modification of nuchal organs into caruncles (Tab. I, #39) could rerpesent synapomorphic conditions uniting Amphinomidae Savigny, 1818 and Euphrosinidae Williams, 1851. On the other hand, there are strong indications that the absence of nuchal organs in Clitellata is secondary (Fig. 1) . Some of this evidence is direct. It derives from the ontogeny of the cerebral ganglia (HESSLING & WESTHEIDE 1999) and from the congruence with other characters (Fig. 1) . Other evidence is indirect. Similar losses occur in the terrestrial polychaetes (PURSCHKE 1997 (PURSCHKE , 1999 PURSCHKE et al. 2000) . And when the taxon Questidae is accepted as closely related to the clitellate lineage based on the presence of a clitellum, it may be deduced that the polychaete-like ancestor of the Clitellata had nuchal organs.
There is no information about the presence or absence of nuchal organs in the Pogonophora and other Enterocoela. On the other hand, the absence of nuchal organs in the Ecdysozoa may be related to the gradual sclerotization of the cuticle and to the loss of epidermal cilia (WEYGOLDT 1986 ). Due to the nested position of Ecdysozoa within the Metameria given by other characters (Figs 1, 6 ), the absence of nuchal organs in Ecdysozoa is not itself an argument for discarding a close relationship between polychaete worms and arthropods. Summarizing, polychaetologists are not justified in excluding Clitellata, Enterocoela, and Ecdysozoa from the Polycheata based on the argument that nuchal organs are absent in these groups.
Other ciliated sensory organs are the "lateral organs" (FAUCHALD & ROUSE 1997) (Tab. I, #40). Although these structures are not widely distributed, the present results point out that they represent a synapomorphy for sedentarians. Losses must have occurred in Maldanidae and Arenicolidae.
The stomodeum and polychaete phylogeny
The stomodeum (Tab. 1, #41) has been considered both for polychaete phylogeny and classification (DALES 1962 (DALES , 1963 . Arguments based on this character have been accepted as decisive to position archiannelids and other lineages of polychaetes (PURSCHKE 1984 (PURSCHKE , 1985a (PURSCHKE , b, 1987a (PURSCHKE , b, 1988b PURSCHKE & JOUIN 1988; PURSCHKE & TZETLIN 1996) . Nevertheless, polarizing character states related to the stomodaeum is difficult. For example, two distinct states, an axial and a ventral proboscis, occur in the Spionida. This led ORRHAGE (1973a) to reject the phylogenetic proposal of DALES (1962, 1963) . This arrangement only indicates that the Spionida represents a paraphyletic assemblage, in which some groups are more basal and related to the clade (Dorvilleidae + (Onuphidae+Eunicidae)), and other groups are more derived, related to the terebelids and sabellids. Thus a ventral proboscis becomes a synapomorphy for the Amphinomidae+Euphrosinidae and the remaining modified groups of the eunicids. The presence of an axial proboscis within this clade would represent the retention of the primitive state. Similarly, the retention of a rudimentary median antenna in some internal groups of the Spionida (e.g., Uncispionidae and Aberrantidae) (GREEN 1982; WOLF 1987) has to be interpreted in this same way. Contrary to , the hypertrophied axial proboscis was interpreted as the most plesiomorphic condition for this structure. A simple axial saclike proboscis is interpreted as a derived condition and this corroborates the idea of progressive simplification occurring in the scolecids. On the other hand, in line with the congruence of characters 57-61 (Fig. 1) , the unique pharynx of the Clitellata (COOK 1971, and BRUSCA & BRUSCA 1990 ) is interpreted as a specialization of the sac-like pharynx of the scolecids.
In Pogonophora the digestive system has been occluded in the adult (SOUTHWARD, 1988) . There is insufficient information from the first developmental stages of pogonophorans to follow the transition between the polychaete stomodaeum and the enterocoelous pharynx characterized by evaginations in the Pharyngocoela Christoffersen & Araújo-de-Almeida, 1994 , Pharyngotremata Schaeffer, 1987 , and Eupharygotremata Christoffersen & Araújo-de-Almeida, 1994 (HYMAN, 1959 CHRISTOFFERSEN & ARAÚJO-DE-ALMEIDA, 1994 .
In Ecdysozoa the absence of polychaetoid pharyngeal muscles is related to the process of sclerotization of the cuticle. The formation of apodemes for muscle insertion and the development of new striated muscles for the articulation of exoskeletal plates imply in a complete reorganization of the muscular system (MANTON 1952 (MANTON , 1967 (MANTON , 1969 (MANTON , 1973 (MANTON , 1977 . Contrary to and , the differences observed in muscle arrangements in polychaetes and arthropods do not constitute valid evidence against any hypothesis of phylogenetic relationship between these two groups.
The pharynx of Syllidae, Nereididae, and Pilargidae has a transversal groove (Tab. I, #42). This structure must be a synapomorphy uniting these three taxa (PLEIJEL & DAHLGREN 1998) .
The pharynx in many metamerians may contain cuticular specializations such as mandibles and cuticular ridges (GUSTAFSON 1930; FAUCHALD 1977; ORENSANZ 1990) . Mandibles are very common in the basal groups of Metameria, being related to the raptorial habits of these animals (PETTIBONE 1982) . Details about their disposition, number, and shape have been found to be too diverse to be useful at the higher levels that are being dealt with herein. These structures are arranged in circlets in Glyceridae and Goniadidae, for example (Tab. I, #43), side by side in Nereididae, and have a quadrangular arrangement in Pisionidae Southern, 1914, Sigalionida, and others (Tab. I, #44). Glyceridae and scale worms have four mandibles, while Nereididae and Pilargidae have two. In Spermosyllis Claparède, 1864 and some other derived syllids, mandibles may be further reduced to one. Finally, Glyceridae have associated cuticular ailerons, Nereididae present interspersed paragnaths, while Eunicidae, Onuphidae, and Dorvilleidae form maxillae and carriers (ÅKESSON 1961; KIELAN-JAWOROWSKA 1966; DAY 1967; FAUCHALD 1977; GLASBY 1993 ) (Tab. I, #45). GLASBY (1993) rejected the hypothesis of homology among all types of mandible in order to reduce one step in his cladistic analysis. Three characters relating to mandibles were used in the present analyses (Tab. I). It has not been necessary to reject a hypothesis of primary homology among all types of cuticular sclerotizations of the pharynx.
Amphinomidae and Euphrosinidae do not have mandibles. However, the pharynx is strongly sclerotized and has ridges in these taxa (GUSTAFSON 1930) (Tab. I, #46) . and PLEIJEL & DAHLGREN (1998) have already identified this character as a synapomorphy for these taxa.
Mandibles are secondarily absent in Enterocoela, which correlates with their new feeding habits of ingesting food particles from the substrate or in suspension. This character loss may have occurred even earlier, during the evolution of their tubiculous relatives. This hypothesis is supported by another possible example of genetic atavism in Gnatoampharete Desbruyères, 1978, a terebellid that "mysteriously" presents mandibles (HOLTHE 1986) .
The absence of polychaete-like mandibles in Ecdysozoa is also secondary. In Aphrodita the mandibles are already rudimentary or even absent (FAUCHALD 1977; PETTIBONE 1966; WATSON RUSSELL 1989) .
The presence of a ventral buccal organ (Tab. I, #47) in many Sedentaria (PURSCHKE 1984 (PURSCHKE , 1985a (PURSCHKE , b, 1987a (PURSCHKE , b, 1988a must represent a synapomorphy for the members of this taxon. The pharynges of Clitellata are highly modified. In some taxa the whole digestive tube may be lost (see ERSÉUS 1984) . The same is true for the adults of Pogonophora. It can be suggested that the loss of the buccal organ is correlated with the simplification of the digestive tube in the Sedentaria, but this is unsure.
Digestive system: anus
The terminal opening of the digestive tube was considered in the present analyses to be homologous in nemerteans, molluscs, sipunculids, and metamerians (Tab. I, #48). There is significant variation in the embryological development of the anus and of the mouth (SALVINI-PLAWEN 1982) . Differences in origin of the mouth and anus have long been used to sustain a dichotomy between Protostomia and Deuterostomia (e.g., HYMAN 1951). However, SALVINI-PLAWEN (1982) showed that the deuterostomate pattern derives from the protostome condition. WILLMER (1990) viewed this character with reserve, although still accepting the dichotomy between Protostomia and Deuterostomia. CHRISTOFFERSEN & ARAÚJO-DE-ALMEIDA (1994) indicated the artificiality of this dichotomy for the Metazoa. The hypothesis that considers deuterostomes to be derived from protostome ancestors is becoming increasingly supported by larval, developmental, and molecular data (MCGINNIS et al. 1984; SMITH et al. 1987; LAWRENCE 1990; EMLET & STRATHMANN 1994; NÜBLER-JUNG & ARENDT 1994 ARENDT & NÜBLER-JUNG 1994 FRANÇOIS & BIER 1995; HOLLEY et al. 1995; JONES & SMITH 1995; HOLLAND et al. 1997) .
Fusion of nephridia and gonoducts: transformation series still unreliable
The present results indicate that metanephridia (Tab. I, #49) are symplesiomorphic for Metameria. Thus it is more parsimonious to interpret the presence of protonephridia in adults of Glyceridae, Goniadidae, Phyllodocidae, Pisionidae, and Nephtyidae as secondarily derived (ROUSE & FAUCHALD 1995 PLEIJEL & DAHLGREN 1998) , although there is still insufficient knowledge on nephridial evolution. Protonephridia represent a bilaterian synapomorphy, which became restricted to the larvae as a coelomate synapomorphy. It is quite well known that trochophores of mollusks and polychaetes retain protonephridia as juvenile excretory organs, which are lost along the ontogenetic development of the individual, usually being replaced by metanephridia. This means that the adult protonephridia in Metameria corresponds not to a de novo origin of a lost organ, but to the retention in adults of a larval structure. Also, it means that protonephridia are homologous for most metazoan taxa, in which they are present. Apparently, adult protonephridia in metamerians are related to a loss of the excretory function of the metanephridia.
The present results corroborate the traditional idea that multiple nephridia are plesiomorphic in relation to a reduced number of these organs restricted to particular segments (GOODRICH 1945) . One pair of anterior nephridia (Tab. I, #50) opening dorsally (Tab. I, #51) represents a synapomorphy for terebelliform metamerians.
Larval deuterostome-like nephridia in Owenia (SMITH et al. 1987 ) (Tab. I, #52) are considered to represent a synapomorphy of this taxon with Enterocoela. Although such nephridia are not universally present in Enterocoela, our hypothesis of primary homology for this character is based on their presence in the basal plan of the Enterocoela (CHRISTOFFERSEN & ARAÚJO-DE-ALMEIDA 1994) .
On the other hand, the various degrees of fusion of nephridia with gonoducts, resulting in protonephromixia, metanephromixia, and mixonephridia, in GOODRICH's (1945) terminology, are insufficiently clarified. It is not possible to test such hypotheses of homology only with the use of cladograms (ROUSE & FAUCHALD 1997: 167) . A phylogenetic analysis must evaluate the possible homology existing among empirically elucidated characters. For example, there is some embryological empirical support for the hypothesis that ear bones are derived from gill supports, while such confirmation is absent for the fusion between nephridia and gonoducts. use the presence of mesodermic tissue in the nephridia of Arenicola Lamarck, 1801 (GOODRICH 1945 , Pisione Grube, 1857 (AIYAR & ALIKUNHI 1940 ), and Terebellida and Serpulida (MEYER 1887 , 1888 , 1901 SMITH 1988) to confirm GOODRICH's (1945 ) ideas. However, BARTOLOMAEUS & AX (1992 and BARTOLOMAEUS (1999) indicate that the presence of mesodermal cells of the coelomic lining in the nephridia may contribute to the anlage of the funnel only to a limited extend. But this does not indicate the occurrence of an ancestral fusion between a genital funnel and a nephridial duct. BARTOLOMAEUS (1999: 34) says: "[I never claimed that] the nephridia of annelids are of ectodermal origin, although this has been credited to me in some papers (BUNKE 1994; ."
If protonephridia can derive from metanephridia (WESTHEIDE 1986), or metanephridia from protonephridia (BARTOLOMAEUS 1997; PLEIJEL & DAHLGREN 1998: fig. 1a ), or even protonephromixia from metanephromixia (ROUSE & FAUCHALD 1997: fig. 69 ), these structures would seem to be very plastic. What the empirical data of WESTHEIDE (1986), SMITH & RUPPERT (1988 ) and BARTOLOMAEUS (1989 do indicate is that the expression of either protonephridia or metanephridia depends very intimately on the relative extension of the coelom, despite the disagreement of . Furthermore, when the most proximal cell of the nephridial primordium is expressed in phyllodocids, this results in the formation of protonephridia (BARTOLOMAEUS 1999: 35) . These protonephridia must be interpreted as secondary formations in accordance with the perspective of .
When this pattern of apparent multiple reversions between protonephridia and metanephridia are associated with the hypotheses of multiple types of nephridial fusion with gonoducts (protonephromixia, metanephromixia, and mixonephridia), the possibilities of combinations among these types becomes so large as to become surrealistic. Before polarizing these states into ordered and unordered, linear and ramified, dependant and independent character states, a less scattered and easier to interpret database of empirical information on these structures becomes necessary.
Evolution of the clitellum and the conquest of terrestrial environments
A cocoon that contains the eggs is produced by the clitellum (BRINKHURST & JAMIESON 1971) (Tab. I, #53) . This character has always been considered an autapomorphy of the Clitellata. However, in present analyses the glandular area found in the Questidae (GIERE & RISER 1981; GIERE & ERSÉUS 1998) has been suggested as being homologous to the clitellum. More precisely, the glandular area of Questidae represents the first step in the formation of the fully annular clitellum with the subsequent production of cocoons.
Outside of the Metameria and in most families of polychaetes, the reproductive organs (testicles, ducts, and ovaries) are temporary structures (DAY 1967; FAUCHALD 1977; PETTIBONE 1982; . In the Questidae and all clitellates, on the other hand, the reproductive organs (Tab. I, #54) are contained in specific segments defined already in the immature stages (BRINKHURST & JAMIESON 1971; GIERE & RISER 1981; GIERE & ERSÉUS 1998) . The absence of permanent reproductive structures is plesiomorphic (DAY 1963; PETTIBONE 1982; FAUCHALD 1977; . In Questidae and Haplotaxidae (considered to be one of the most basal group of Clitellata; BRINKHURST 1984a) the synapomorphy consists of the presence of two pairs of ovaries in the female reproductive system (BRINKHURST 1982 , 1992b . The presence of a spermatheca and the opening of the gonoduct in segment 14 found in Questidae and Clitellata (BRINKHURST & JAMIESON 1971; GIERE & RISER 1981) must be synapomorphic for these taxa. The absence of gonoducts in segment 14 (Tab. I, #56, #57) is secondary within some modified Clitellata, because they are present in the basal clitellates.
The Questidae have a partial clitellum and an oligochaetoid developmental pattern (GIERE & RISER 1981) . Furthermore, of the eleven autapomorphies indicated for the Clitellata (PURSCHKE et al. 1993) , seven (hermaphroditism, spermathecae, gonads located in specific segments, clitellum, specific developmental pattern, loss of a trochophore, reduction of the prostomium and loss of the prostomial appendages) are shared with other groups of scolecids. Thus, the process of clitellarization is seen to be gradual within the Metameria (first the reproductive organs become fixed in specific metameres, then a glandular clitellum is gradually formed, and finally there occurs the production of cocoons). The spermatological autapomorphies indicated by JAMIESON (1981) and FERRAGUTI & ERSÉUS (1999) for the Clitellata must be seen with some skepticism, because, as already discussed in the case of the nuchal organs, they were provided typologically in order to distinguish the clitellates from their stem-species, rather than to elucidate their phylogenetic relationships. Furthermore, Parergodrilus heideri and Hrabeiella periglandulata are examples of interstitial and terrestrial polychaetes that have oligochaetoid sperm (KRISTENSEN & EIBYE-JACOBSEN 1995; ROTA & LUPETTI 1997; ROTA 1998) . Questidae may well differ in some of the sperm characteristics from the pattern of the Oligochaeta Grube, 1850 (JAMIESON 1983 ). Yet this constitutes no valid evidence to discard the relations neither between the Clitellata and the Questidae, nor between these two groups and the other scolecids. On the other hand, the large number of morphological and reproductive synapomorphies represents convincing evidence for a close relationship among these groups.
Further sustaining the hypothesis that Clitellata represent a derived group of polychaetes is the indirect evidence presented by PURSCHKE (1997 ) and PURSCHKE et al. (2000 on the parallel adaptations for land of Clitellata and of other terrestrial polychaetes, and direct evidence regarding the development of the cerebral ganglia in the Clitellata (HESSLING & WESTHEIDE 1999) .
FAUCHALD (1974) has already proposed the hypothesis of a derivation of Clitellata from a scolecid ancestor. NIELSEN (1995) also defended this hypothesis. Mainly because of their hermaphroditism, the capitellids were considered by this author to be closest to the Clitellata. The present results do not support the notion that hermaphroditism would be a strong indication of such a relationship, since this condition is found in other groups (e.g., in some nereidids, syillids, and serpullids; BRUSCA & BRUSCA 1990). Questidae, even though being still gonochoristic (JAMIESON & WEBB 1984) , already has gonads restricted to a few segments, and, even more relevantly, has a primordium of a clitellum. The same argumentation above can be used against the suggestion of MCHUGH (2000: 1879) that Aeolosomatidae is the sister group of Clitellata, even though the proposal seems at first suggestive because aeolosomatids have been previously considered to be oligochaetes and because most of their species are limnic (TIMM 1981 (TIMM , 1987 .
Enterocoela has a single pair of gonads that open posteriorly. This condition is shared with Sabellida (GOODRICH 1945) . This is congruent with the hypothesis of CHRISTOFFERSEN & ARAÚJO-DE-ALMEIDA (1994) , in which this character represents the initial stage of an extended transformation series affecting the development of gonads through the more apical lineages of Enterocoela (Eupharyngotremata Christoffersen & Araújo-de-Almeida, 1994, Cephalata Christoffersen & Araújo-deAlmeida, 1994, and Vertebrata; CHRISTOFFERSEN & ARAÚJO-DE-ALMEIDA 1994) .
The permanent gonads of Ecdysozoa do not appear to be homologous to the temporary gonads of aphroditids, because their structure and position are different (BRUSCA & BRUSCA 1990 ).
Larvae and the origin of the Enterocoela
The adaptive diversity of larval forms (Tab. I, #58) found in most Metazoa represents a challenge for the reconstruction of a simple and straightforward phylogenetic pattern. Ontogenetic, morphological and habitat modifications of larval types are found in many different low-level taxa. Reversions of larval types (e.g., from planktotrophic to lecitotrophic, and vice-versa) are also very common (see STRATHMANN 1978; WILLIAMSON 1987; WRAY & RAFF 1991; ROUSE & FITZHUGH 1994; BHAUD & DUCHÊNE 1996; MCHUGH & ROUSE 1998; ROUSE 1999) .
Amongst this diversity, the mitraria larva of Owenia "strangely" presents deuterostome characters, such as monociliary cells, prototroch with parallel bands of cilia, presence of a food groove, metatroch forming sinuous curves, and a deuterostome-like nephridium (SMITH et al. 1987; EMLET & STRATHMANN 1994) (Tab. I, #59) . CHRISTOFFERSEN & ARAÚJO-DE-ALMEIDA (1994) have previously identified morphological homologies between the adults (the tagmosis of oweniids appears to be similar to the prosoma, mesosoma, metasoma, and opisthosoma of the Pogonophora). This seems to indicate that the "deuterostome-like anomalies" of larval oweniids (WILSON 1932; GARDINER 1978) represent true homologies linking Owenia with Enterocoela. Even the distinguishing character of a mouth surrounded by the prototroch in the deuterostomes proposed by WILLMER (1990) may be extended to the larvae of Owenia, as the sinuous prototroch may be interpreted as the first step in this direction (Fig. 7) . Although Pogonophora (sensu lato including the Vestimentifera) do not have typical larvae, our view is consistent with older theories on the closer affinities of the Pogonophora with the Deuterostomia (IVANOV 1957 (IVANOV , 1963 WEBB 1969) . The recent consensus for positioning the pogonophorans among the annelids (ROUSE & FAUCHALD 1995 ) is based on plesiomorphic similarities such as the presence of typical metameres and chaetae in the posterior region of the body. Indeed, this approximation of the Pogonophora to the tubiculous polychaetes is not in dispute.
The ancestral trochozoan larva defined by ROUSE (1999 ROUSE ( , 2000 gradually gives rise to the descendant tornaria larva. Both trochophores and tornariae share the presence of a prototroch and this character thus cannot represent a synapomorphy for the Trochozoa.
The larval development of Owenia, which was called catastrophic metamorphosis (WILSON 1932; ANDERSON 1974) (Tab. I, #60) , is very similar to that found in some groups of Enterocoela (e.g., Phoronida; see NIELSEN 1995). In typical trochophoran larvae, somites are added at the posterior region of the animal one by one, and the larvae transforms into the adult gradually (e.g., Nereididae; see BLAKE 1975) . In the mitraria larva the new segments accumulate within the larval hyposphere, until the larvae bursts and all the segments are freed catastrophically. Although in Phoronida and Brachiopoda the segments do not accumulate inside the larvae, there is nevertheless a rapid metamorphosis and a dramatic elongation of the metasoma. A "U"-shaped digestive system results from the shortening of the dorsal side and larval ciliated tentacles are ejected at metamorphosis (NIELSEN 1995) .
The downstream ciliary beating of protostomes (NIELSEN 1995) is plesiomorphic in relation to the upstream ciliary beating in deuterostomes.
Recent molecular and developmental data also corroborate a transition from protostomes to deuterostomes (MCGINNIS et al. 1984; LAWRENCE 1990; ARENDT & NÜBLER-JUNG 1994 NÜBLER-JUNG & ARENDT 1994 HOLLAND et al. 1997; FRANÇOIS & BIER 1995; HOLLEY et al. 1995; JONES & SMITH 1995; PETERSON & DAVIDSON 2000; PETERSON et al. 2000a, b) .
The other two major clades, Holopodia (Aphrodita + Ecdysozoa) and Apoclitellata (Questidae + Clitellata) cannot be tested with larval characters, because in both clades development is direct (THORSON 1946; BRUSCA & BRUSCA 1990; WILSON 1991; GIANGRANDE 1997) . However, there is a possibility that the information on direct development in Aphrodita obtained by THORSON (1946) and retransmitted by WILSON (1991) and GIANGRANDE (1997) may be equivocated because a group of scientists at Helgoland island has recently succeeded in rearing Aphrodita aculeata and have obtained a trochophore larva (WÄGELE pers. comm.) . If this is confirmed, the presence of direct development must be reinterpreted for a different level of generality, and the character may represent an autapomorphy for Ecdysozoa (in this case direct development would become associated with ecdysis and cuticular sclerotization).
Invalidating the concepts of the Protostomia and Lophotrochozoa Aguinaldo, Turbeville, Linford, Rivera, Garey, Raff & Lake, 1997
A major prior question concerning the judgment of the results presented herein relate to one's views about the monophyly of the Protostomia. The present results deny that the Protostomia represent a monophyletic group, with the Deuterostomia as its sister group. And when Protostomia are perceived as invalid, the Lophotrochozoa of AGUINALDO et al. (1997) also becomes an invalid by-product of the subdivision of the unsupported taxon Protostomia. Those who are more strongly connected to the paradigm of the monophyly of the Protostomia would naturally tend to reject a hypothesis in which the Deuterostomia appear as a specialized clade of a protostomate group without a more detailed exposition of reasons and characters. For those who refuse to accept that the heterobathmy proposed for the Deuterostomia versus the Protostomia is well justified, however, a question naturally arises about which group would be the sister group of the Deuterostomia. CHRISTOFFERSEN & ARAÚJO-DE-ALMEIDA (1994) already discussed the insertion of the Deuterostomia within a larger clade. There seems to be good support for a taxon named Radialia, including bryozoans, phoronids, and deuterostomians. The question of the insertion of the Radialia within the protostomates would still require a solution.
Part of the difficulties concerning the placement of the Deuterostomia within the system of the higher metazoans seems actually due to an insufficient understanding of the body plan of the deuterostome ancestor. Because the phyla belonging the Deuterostomia are considerably old clades and because some intermediate taxa between them have certainly been extinct since their origin and are now missing in the system, the quite strong differences between them makes the optimization of general body features along the deuterostome clades difficult. What has been largely overlooked in the considerations about the deuterostome phylogeny is that in many smaller clades there is an opistosome or peduncle following the metasome.
In the Brachiopoda, only the inarticulates preserve this structure. Pterobranchs and cephalodiscids both retain a welldeveloped stalk, which is also present in the Crinoidea and other basal Echinodermata. Adult Enteropneusta Huxley, 1875 did not retain an opistosome, but it appears in some juvenile forms. In the urochordates, the larvaceans and larval ascidians have a structure -now called the notochord -that can be hypothesized to be homologous to the stalk of the basal Echinodermata. Cephalochordata and Vertebrata, despite changes in the body structure and biology, obviously present the notochord. Hence, independently from any discussion regarding the position of the deuterostomes in the system of the Metazoa, such a metasomal stalk is to be placed in the groundplan of the group.
Close to the deuterostomes, there may be a stalk in entoprocts (absent in ectoprocts), while phoronid larvae also present a post-prosome stalk, which degenerates during ontogeny. Lophophores or lophophore-like structures have a large distribution at the base of the Radialia. In the bryozoans, phoronids, brachiopods, and pterobranchs, the coelomate tentacles seem to be derived from a pair of pentameric structures that may often have numerous secondary divisions of the branches. In the Echinodermata, they are reduced to a pentameric structure and in the higher chordates they may be reduced to some short peri-oral projections or are completely absent. The formation of the peduncle appears to be connected to the displacement of the anus to a subterminal positionthe typical "U-shape" of the gut in most deuterostomes, from brachiopods to vertebrates. It is interesting to note how naturally a trimeric enterocoelic taxon such as the Pogonophora, formerly accepted as an independent phylum, was moved to within the annelids (ROUSE & FAUCHALD 1995 ). This appears to have been a wise perception, except that the remaining enterocoelous taxa should have been moved in together. Actually, in the evolution of the tubiculous polychaetes themselves, there is already a gradual development of two conspicuous anterior tagmas and a reduction of the posterior part of the body. The Pogonophora share a number of modifications present in the basal members of the radialian clade, but still retain much of the original polychaete condition.
Validating the concept of the Ecdysozoa
The groundplan of the Ecdysozoa is another issue insufficiently discussed in the literature from a strictly phylogenetic perspective. Maybe this is partially due to the doubts concerning the phylogenetic position of the Tardigrada within the Metazoa (sometimes displaced to the base of the bilaterians, within the old Pseudocoelomata Hyman, 1951) . Or maybe because ecdysteroids are found in many other organisms, including plants and fungi (LAFONT 1997 ). This fact is decisive for SÖRENSEN et al. (2000) and WÄGELE & MISOF (2001) to question the validity of the Ecdysozoa. However, with the recent evidence of a phylogenetic connection of at least some of the Aschelminthes Grobben, 1910 with the panarthropods (e.g., VALENTINE & COLLINS 2000; HAASE et al. 2001) , additional clues appear. Even if just the Onychophora, Tardigrada, and Arthropoda were considered (leaving aside the Pentastomida and the Aschelminthes), by optimization some characters would necessarily appear at the base of the Ecdysozoa (see ALMEIDA & CHRISTOFFERSEN 2000: 17-21) . One of the most interesting features is the development of a pharynx, armed with two pairs of unique mandibles placed biradially. A predatory habit can also be assigned to that level. Even though some of these features may be absent from the base of Arthropoda, their presence in Onychophora and Tardigrada are quite obvious. The ecdysozoan ancestor also had a locomotory system typical of a crawler, with sinuous body movements, enhanced by the action of longitudinal muscles. In a global (that is, parsimonious) analysis, these and other similarities make it reasonable that the Ecdysozoa fit, most closely, within a group of errant polychaetes (Fig. 6 ).
On existing paradigms and the development of new hypotheses of homology and new topologies
A particularly important aspect emerging from this discussion seems to be that at higher levels of metazoan phylogeny the a priori rejections of particular hypotheses of primary homology strongly influences the ability to get to alternative topologies. This is particularly evident in the case of the "pseudocoel", which for a long time was refused to be a derivation from a coelomic cavity (e.g., WILLMER 1990; ERWIN et al. 1997) . Historically, the consequences have been that the Aschelminthes were displaced to a very basal position within the Bilateria, despite many evident features being shared with higher metazoan clades. These features include the evidences of metamery (ganglioned ventral nerve cord in Rotifera and Kinoryncha), the presence of a cuticle and of ecdysis, and the cuticular specializations of the anterior and posterior gut regions. It was necessary to wait for an independent source of information, like molecular data, to give credit again to the previous hypothesis of a closer relationship between the Aschelminthes and the Arthropoda.
Neglecting that parapodia can have primary homology with lobopodia seems to be another old paradigm resisting displacement. ALMEIDA & CHRISTOFFERSEN (2000) have extensively discussed its origin in MANTON's (1967 MANTON's ( , 1969 MANTON's ( , 1973 ) characteristic views about homology and evolution of the arthropods. The aprioristic denial of such primary hypotheses of homology apparently has reduced the ability of systematists to recognize additional characters and possible alternative topologies. In other words, "forbidden" topologies block the development of new hypotheses of primary homology. In a similar way, "forbidden" homologies block the access to new topologies. The decisions regarding "good" and "bad" hypotheses of secondary homology must come from overall parsimony analyses, not from a priori argumentation considering the "amount of differences involved".
Systematics: review of our main points, and establishment of a new system of the metameric metazoans Along this paper, we have sometimes inverted the polarities of characters in relation to earlier decisions of have sometimes inverted the polarities of some characters in relation to earlier decisions. This is more a consequence of differences in methods of character coding, rather than to any a priori compromise with particular evolutionary outlooks, either progressive, with a gradual increase in character complexity (DALES 1962 (DALES , 1963 HATSCHEK 1878 HATSCHEK , 1893 , or regressive, with secondary simplifications (STORCH 1968; PILATO 1981) . The effort of contemporary pattern cladists to reject aprioristic character interpretations isunderstandable, especially in view of the many mistakes and authoritative impositions of the past. However, abuses in the other direction, in the form of indiscriminate binary coding, sometimes with total disregard for the appropriate evolutionary context, can also obscure the phylogenetic signal provided by a few resolved characters.
For example, the Clitellata share several important synapomorphies particularly with Questidae. However, a large number of secondary absences of polychaetoid characters in the Clitellata, most of which are still present in the Sedentaria, tend to typologically exclude the clitellates from the Polychaeta. There is nevertheless ample phylogenetic evidence for the gradual reduction of these characters in the more closely related lineages of polychaetes (HESSLING & WESTHEIDE 1997; PURSCHKE 1997 PURSCHKE , 1999 PURSCHKE et al. 2000) . Coding these absences simply as zeros and disregarding the available evidence for gradual reductions of characters tends to exclude the clitellates from the polychaetes and to reposition them near the base of the Metameria. Such coding is done in numerical cladistics by considering only presences/absences of characters, instead of indicating more extended transformation series where appropriate. The exclusion of the clitellates from the polychaetes leads to the necessity of reinterpreting a large number of similarities between the groups of scolecids, Questidae, and Clitellata as homoplasies (see results of ROUSE & FAUCHALD 1995 . The same would happen with all the specialized groups that present secondary simplicity due to adaptations to interstitial, pelagic, parasitic and commensal ways of life. ROUSE & FAUCHALD (1995 concluded that the Clitellata are basal annelids, as a consequence of their numerical cladistic coding procedures. However, they decided to treat a number of other "simple" polychaete families differently, by strategically excluding them from their final analyses. Under that kind of character treatment, this would be the only way to avoid that those groups accumulate as additional "basal" annelids lineages.
Working with broad clades such as the Metameria represents a real challenge to present practices of numerical cladistics (similar to phenetics; see WÄGELE 1994 WÄGELE , 1995 WÄGELE , 1996a WÄGELE , 1999 . To avoid the noise produce by that kind of coding it is necessary to deal with the entire range of the evolution of multistate characters and character reversions. The results of this paper show that the most parsimonious solution for the available information is that not only Polychaeta, but also Annelida and Articulata are paraphyletic groups. This is so not only because they exclude the Echiura or the highly derived Clitellata, but also because they exclude two other very large and important clades: the Ecdysozoa and the Enterocoela.
The present results also indicate the artificiality of the traditional division of the polychaetes into Errantia and Sedentaria. This conclusion agrees with at least some classical (HARTMAN 1959; FAUCHALD 1974 FAUCHALD , 1977 GEORGE & HARTMANN-SCHRÖDER 1985) and cladistic approaches. Instead of a dichotomy, the present analyses indicate a gradual, pectinate, and asymmetrical development of lineages, beginning with an errant, benthic, crawling, and predatory metamerian groundplan.
Several different approaches agree in part with our reconstruction: (1) Congruence in morphological and anatomical data may be found in GEOFFROY SAINT-HILLAIRE (1822), DOHRN (1875), STORCH (1968) , FAUCHALD (1974 -his hypothesis of a creeping, burrowing, scolecid ancestor, may also be applied for the glycerids), LAUTERBACH (1978) , PILATO (1981) , BRUSCA & BRUSCA (1990) , WESTHEIDE (1997) , PURSCHKE (1997 ), and HESSLING & WESTHEIDE (1999 , PURSCHKE et al. (2000) ; (2) partially overlapping conclusions from larvae, genetics, and embryology may be obtained in MCGINNIS et al. (1984) , SMITH (1988) , LAWRENCE (1990) , EMLET & STRATHMANN (1994) , ARENDT & NÜBLER-JUNG (1994 , NÜBLER-JUNG & ARENDT (1994 , HOLLAND et al (1997) , FRANÇOIS & BIER (1995 ) HOLLEY et al (1995 , JONES & SMITH (1995) , PETERSON & DAVIDSON (2000); and PETERSON et al. (2000a, b) .
Previous communications on these phylogenetic ideas may be obtained in CHRISTOFFERSEN & ARAÚJO-DE-ALMEIDA (1994) and ALMEIDA & CHRISTOFFERSEN (2000) . The "basic plan" of the Metameria presented by ALMEIDA & CHRISTOFFERSEN (2000) is heuristic because it is based on synapomorphies that exist in actual specimens. Characters were not created to sustain preconceived evolutionary scenarios. Eliminating workable preconceptions from science is not advocated here, but the production of theory that is contrary to known data is objectionable.
The groups Palpata and Aciculata proposed by ROUSE & FAUCHALD (1997) also turn out to be paraphyletic in our analysis. Despite the new insights represented by the inclusion of such important groups as the Clitellata, Ecdysozoa, and Enterocoela, the proposed systematization of the Metameria is still close to traditional knowledge.
The results presented herein are simply hypotheses of relationships. They are tested either through corroboration or refutation of proposed characters or with the addition of new data on morphology, fossils, embryology, genes, etc. Data suggesting alternative relationships, however, must be overwhelming in their totality. In consonance with ALESHIN & PETROV (1999: 194) , it is remarked that a simple test of Bremer or a bootstrap value obtained from different data sets will not resolve which hypothesis is closer to the truth, as suggested by BROWN et al. (1999) . The strategy of character analysis should not mold the nature of the data, but phylogenetic hypothesis should be evaluated by the total extrinsic evidence available, and not exclusively by the selected body of intrinsic data (the matrix).
Optimizing some biological features over the phylogeny: a general scenario of metamerian evolution
The present analyses indicate that the origin of the Metameria may be associated with a change from a sedentary habit and non-metameric body plan, found in the outgroup, to a crawling animal with a metameric body plan (Fig. 3) . Although several characters appear associated with this node (presence of parapodia, chaetae, jaws, lateral pairs of prostomial antennae, dorsal, ventral and anal cirri, and a hypertrophied axial proboscis), in the future more detailed analyses may demonstrate the gradual and sequential appearance of these structures.
The results of this work emphasize three main evolutionary trends within the Metameria. A first important evolutionary transition involves the origin of the largely continental Clitellata. Because in this lineage animals gradually adopt a sedentary mode of life, reversions of several character states back to conditions similar to those of the metamerian outgroups, which were, likewise, sedentary animals, were observed. Here again, the simplistic coding of several typical polychaete characters as absent in the clitellates tends to push the clitellates towards the base of the annelids. This practice ignores the evidence found throughout the scolecids indicating the gradual reduction of the more typical polychaete characters and the gradual acquisition of the clitellate evolutionary novelties (Fig. 5) . The Questidae are here interpreted as a plausible connecting link between the more ancestral marine and estuarine scolecids and the highly derived and predominantly continental Clitellata (Fig. 5) .
The second is related to the origin of the Ecdysozoa. Along this evolutionary line the neuropodia become gradually adapted for more efficient locomotion, subsequently function as lobopodia in the fossil lobopodians and recent onychophorans, and finally become articulated in arthropods (Fig. 6) . The dorsal cirri may have become modified into elytrae and then into dorsal plates in the fossil lobopodians (see ALMEIDA & CHRISTOFFERSEN 2000: 42, fig. 11 ). The notopodia of the Aphrodita are very reduced (see HUTCHINGS & MCRAE 1993: Fig. 1a ) because the chief organs of locomotion are represented by the neuropodia (FORDHAM 1925: 11) . Because the groundplan of the Ecdysozoa becomes highly modified with the gradual development of a chitinous exoskeleton, most polychaetoid characters are difficult to recognize in arthropods and their relatives.
A third evolutionary trend involves the origin of the Enterocoela, which revives and makes explicit the old theory of the worm or polychaete ancestry of the chordates (GEOFFROY SAINT-HILLAIRE 1822; DOHRN 1875). This evolutionary line starts with a tagmatization of the anterior body region in the terebelliform polychaetes, which becomes well established in Pogonophora. Evidences of this tagmatization pattern are clearly present in Owenia. The condensed metameric posterior region of the body is strongly modified in the radialians, resulting in a conspicuous anterior oligomeric pattern typical of lophophorates and Deuterostomia. Changes in this evolutionary line also affect the larvae. The mitraria larvae of the Owenia can be interpreted as transitional between the typical trochophore larvae of other polychaetes and the tornaria larvae of the deuterostomates (Fig. 7) . This shift in morphology seems to be closely related to a gradual change from the errant, plesiotypic habit to an excavatory, and then tubiculous, fully sedentary biology. In this evolutionary sequence there is an increasing importance of the anterior part of the body (and a proportional decrease of importance of the posterior part), which deeply affects the original homonomous metameric development.
